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INTRODUCTION 
·When the world was young, and man, chief among the dissem-
inators of plant and animal life on this globe, was limited in 
lhis peregrinations, the need for detailed knowledge of existing 
plant and animal pests and their development under-new environ-
mental conditione did not exist. The human population increased, 
expanded into new territories, and finally occupied the last 
frontiers. With these changes the need -for that knowledge arose, 
but for a long time it passed unrecognized and unnoticed. At 
last man became ever more acutely awareof the fact that natura] 
res-ources were not limitless, and that he, himself, was subject 
to those same laws governing the survival of other races of 
living creatures. 
He observed the disastrous and far-reaching consequences ofi 
ruthless exploitation of mineral wealth, of wholesale destruc-
tion of forests, of wide-spread depletion of the -soils. 
Whenever he migrated into new lands, he incautiously took 
with him animals and plants which had been sources of food, 
I 
clothing, shelter, medicine, or pleasure in his fonner environ- · 
ment. Oftentimes these introduced plants and animals found 
their new environment so wholesome, that they multiplied out of 
all bounds, and ceased to be the well-behaved, orderly, wholly 
useful, and cherished organisms that they had been in their 
former home. Ye often hear about the rabbit plague of New Zea-
land and Australia, but we seldom hear about the gorse, intro-
duced to serve as fences between pastures in South Island, New 
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Zealand. The gorse, finding conditions extremely favorable, ha~/ 
run wild ever,ywhere, and simply cannot be kept under control. 
It has encroached upon the land in all. directions, a thorough-
going nuisance. The introduced domestic bla·ck-berry is an even 
worse pest. 
In this modern day and age, with quick travel by automobilE !, 
train, plane, and boat, the opportunity for rapid dissemination 
of all kinds of plants and animals, both desirable and undesir-
able, is boundless. Some of these pests are introduced into 
new areas by accident; some a-s a result of indifference and 
I 
1 greed; and some are introduced with the hope that they will 
serve a useful purpose. It is important to exclude known ene-
mies of valuable plants and animals, and to make certain by 
jthorough investigation that beneficial plants will remain so, 
after being introduced. An enemy of minor importance in the 
region whence it comes may turn out to be extremely destructive 
and difficult to control in its new environment. To prevent 
the entrance of such undesirable aliens, each modem government 
has erected a whole barrier of quarantine laws and regulations. 
Nevertheless, in spite of all precautions, one by one the 
pests gain foothold into new territories--even as man, himself, 
has done •. Usually, it is possible to trace a new pest to its 
source, but occasionally an enemy organism appears, the origin 
of which remains a mystery. Such an organism is the causal 
fungus of. the Dutch elm disease. It made 1 ts first recognized 
appearance in Holland in 1919 and has recently gained entrance 
2 
into North America. It is extremely fatal to the American elm, 
one of this continent's most picturesque and important shade 
trees. 
The object of the ensuing dissertation is to set before th 
reader a general picture of the Dutch elm disease--a survey tha 
will cover the major facts and information about both host and 
parasite, the insect vectors of the parasite, known control and 
eradication projects, and the present status of research for 
new and better methods of control. 
At this time I wish to thank my advisors, Professor Stuart 
K. Harris and Professor Nonnan S. Eailey for the valuable assis-
tance and encouragement which they have given me, and without 
which this task-would have been impossible. Mr. Werk and Mr. 
Cook, librarians of the Research Library at the M. C. z. 
were most kind and helpful. Special thanks are due Miss Ashendo 
of the Farl.OW· Cryptogamic Library at Harvard for all the time 
she spent in uncovering manuscripts, pamphlets, papers, and ten 
books, which she thought might prove of assistance to me in thi~ 
project. It is with gratitude that I remember Malcolm A. McKen ie, 
Director, Shade Tree Laboratories, Massachusetts State UniversiJ ; 
A. w. Feldman, Assistant Research Professor. in Plant Pathology, 
Rhode Island State College; A. -E. Dim.ond, Assistant Chief, De-
lpartment of Plant Pathology and Botany, Connecticut Agricultura 
Experiment Station; Mr. ~. T. Brown, Director and County Agri-
cultural Agent, Plymouth County Extension Service, Brockton, 
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Massachusetts; and Mr. Harris A. Reynolds, Secretary of the 
Massachusetts Forest and Park Association, Boston, for their 
valuable assistance given by letter, enclosed leaflets, pamph-
lets, circulars, and other materials. I am no less apprecia-
tive of the moral support, encouragement, and assistance of my 
mother, my sisters, and many good friends. 
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I 
THE ELM TREE 
The Elm---Its Value 
Stately elms everywhere grace the American landscape. 
Often double rows o-f these splendid trees form grand and 
noble •~llwa.ys above suburban avenuee, and they ,,.~td;l 
homes for some of America's loveliest birds. To-day, the 
elm is valuable chiefly as a shade a.nd ornamental tree. 
Many New Engla.nd cities and towns are noted for the beauty 
and stateliness of their elms. Some old elms are of histor 
ic interest, even as the famous washington Elm which stood 
in Cambridge in 1913. It was under thi~ elm that Washing-
ton took command of the Continental Army on the morning of 
July 3, 1 ??5 (New Practical Reference Library, 1919). 
In an article prepared and distributed by 'fhe American 
Forestry Association (1938} the value of the elm was placed 
at $26 per tree while the value for the total elm popula-
tion in the United States was given conservatively a.s being 
$662,000,000. In Massachusetts where they are considered 
the principal shade tree their value was placed at 
$?,300,000 (McKenzie and Becker, 193?). 
~ithout the elms in Massachusetts one would 
find barrenness and desolation on the streets 
and commons instead of the charm that has be-
come the legend of New Engtand with the elms." (McKenzie and Becker, 1937 · 
In the Northeastern part of the United States as well 
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as in many other :places, they were important in camouflagin 
cities, factories, and militar,y structures during the years 
of the Second World War (Walter, May, and Collins, 1943). 
They inspired the title of Eugene O'Neil's famous play abou 
a degenerate New England family, "Desire Under the Elms". 
While their chief value is as an ornamental and shade 
tree, elms also are used for timber. The wood is valued fo 
its great strength, toughness, and closeness of texture, 
hence it is used for making hubs of wheels; hoops, and 
staves in slack cooperage, furniture, flooring, sporting 
goods, boxes, and crates. It is less likely to split than 
almost any other timber and resists strongly the decom:posin , 
action of water. It is therefore used for the keels of 
ships and boats, naves and spdkes of wheels, foundation 
piles and wet-planking (Chambers's Encyclopedia, 1899). 
In 1931 the leading elm lumber states were Wisconsin, Mich-
igan, Indiana, Tennessee, Arkansas, and Louisiana (May and 
Gravatt, 1931). 
Elm burl logs are used in many factories in the making 
of fine furniture veneer. These burls are not common on 
American species of elms, hence are usually imported from 
Europe. In veneer work they produce an effect like Bird's-
eye. maple. What causes the formation of the burls is not 
known. Uniform, evenly grown burls are uncommon. (The 
American Forestry Association, 1938) 
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trees are frequently covered are valuable in cabinet work, 
because of their beautiful appearance when cut up and pol-
ished. 
The Slippery Elm (Ulmus fulva) is used as the source 
of a bla.nd, demulcent mucilage used in medicine to soothe 
irritated mucous surfaces in the treatment of such diseases 
as catarrh or dysentery. -
Elm bark is (or more probably was) used in dyeing and 
in sugar-refining, and it has been used in some countries, 
in times of scarcity, as a part substitute for flour in the 
making of bread (Chambers's Encyclopedia, 1899). 
The inner bark of certain elms is used medicinally in 
cutaneous diseases. It is mucila.ginous, and has a bitter, 
astringent taste. 
In England at the turn of the century quick-growing 
elms were selected and planted for timber producers. The 
varieties generally chosen were then known as Ulmus campes-
1!1! latifolia, the Broad-leaved English Elm, Ulmus campes-
ill.§. stricta, the Red English Elm, and Ulmus campestris al-
ba, the White English Elm (Chambers's Encyclopedia, 1899). 
Ulmus hollandica, var. belgica (Burgsd.) Rehd., the 
Belgian Elm, was, before its wholesale destruction by the 
Dutch elm disease fungus, the important dike~holding and 
general purpose elm of the Netherlands (Walter, May, and 
Collins, 1943 ) • 
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Times change, a.nd the value of the elm as a forest or 
timber tree is little to4, day and its value as a source of 
medicine is slight, but these lofty and graceful trees are 
still of major importa.nce as a source of beauty and shade. 
Distribution and Classification 
The family of seed-bearing plants, fonnerly known as 
the Ulmaceae, consists largely of forest trees of the temp-
erate and tropical zones . The plants exist in Europe, Asia, 
Africa, and- North America. There are some 130 species be-
longing to this family, 20 being native to North America. 
That they have long existed in North America is shown by th 
presence of their fossil remains found in Mar,yland and Vir-
ginia from the upper portion of the lower Cretaceous (Brown, 
1935.). Elms are important in mixed hardwood stands from th 
Great Plaine to the Atlantic Ocean and are found growing 
from canada to Mexico~ None are found to be native west of 
the Rocky Mountains, but they thrive in all western states. 
Elms belong to the Nettle Family (Urticaceae), most of 
the members of which a.re tropical. The plants all have sti-
pules, and rarely (in the Elm Tribe) perfect flowers, each 
furnished with a regular calyx free from the 1-2-celled 
ovar,y. The stamens are opposite the lobes of the calyx, an 
are the same in number, or sometimes fewer. The members of 
the Elm Tribe (Ulmeae) generally possess polygamous flowers, 
which are borne upon the preceding year's branches. The 
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anthers are erect in the bud and extrorse. There are two 
styles (or stigmas). The embryo is straight, its radicle 
pointing upward. The plants are trees with alternate ser-
rate pinnately netted-veined leaves and fugacious stipules. 
All elms belong to the genus, Ulmus (Tourn.), and are 
characterized by a 4-9 cleft, bell-shaped calyx. The long, 
slender stamens also number 4-9. The ovary is 1-2-celled 
and the two styles are short and diverging, and they are 
stigmatic along the inner edge. The fruit is a samara, or 
a compressed one-seeded little nut winged all around. The 
cotyledons are large. The flowers may be purplish or yel-
lowish-, and are borne in lateral clusters. The leaves are 
very straight-veined, short-petioled, and oblique or else 
somewhat heart-shaped (cordate), but unequally so, one side 
being larger than the other. The stipules are small and 
caducous. 
Because elms hybridize readily, and much intermingling 
has occurred between introduced and native forms of elms, 
and also because of individual variations brought about by 
environmental factors such as soil, water-supply, and expos 
ure, and by the physiological conditions and age of the tre , 
it is often difficult to find •hat could be classed as a 
pure type in _England and on the continent of Europe (Ban-
croft, 1935 and 1936). Whenever an especially desirable 
type appears, with characteristics worthy of propagation, it 
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The native species of American elms are likewise ~ 
susceptible to the disease. The report from Dr. Westerdijk 
at the Phytopathological Laboratorium at Baarn, Holland, in 
1931 (Orton, McCubbin, and Fromme, 1931) states that the 
American elm, Ulmus americana L., is extremely susceptible, 
and events since that time eonfirm his report. A brief 
account of six important native American species follows. 
The scientific names are taken from Rehder (1940) and the 
descriptions are a result of · a study of both Rehder (1940) 
and Robinson and Fernald (1908). 
Ulmus americana L. (American or White Elm) is a large, 
ornamental tree which may attain a height of 40 meters. The 
trunk divides into widely spreading, pendulous branches. 
The timber is of little value. The flowers are vernal, ap-
pearing before the leaves, and are ori slender, drooping ped-
icels. The fruit is ovate or oval, and fringed-ciliate. 
The leaves are smooth above, roughly oval, and doubly ser-
rate. 
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Ulmus Thomasi Sarg. (Rock Elm) is a large and ver,y val-
uable tree found in Quebec, Vermont, Ontario, Minnesota and 
southward to Missouri and Kentucky. It resembles Ulmus ~ 
icana L., but the leaves have veins that are more simple and 
straight, the fruit is larger, and the branches often have 
corky ridges. It may attain a height of 30 meters. 
Ulmus alata Miohx. (WShoo or Winged Elm) is a small tre 
of about 15 meters' height. It grows in Virginia, southern 
Indiana, Missouri, and southward. It is remarkable for its 
branches, some of which bear wings of cork. The wood is 
fine-grained, compact and heavy. 
Ulmus serotina Sarg. (Red Elm) is a tree of moderate 
size, growing to a height of about 20 meters. It is found 
in the limestone hills and bottoms of southern Kentucky to 
northern Alabama and Georgia. Its flowers are autumnal, ap-
pearing long after the leaves. tt is a tree with spreading 
or pendulous branches, for.ming a large head. 
Ulmus fulva Michx. (Slipper.y Elm) is found in ~uebec 
and -throughout New England westward to the Dakotas and south ! 
ward. It is a small or middle-sized tree, attaining a heigh · 
of about 20 meters. It has tough, reddish wood, hence it is 
sometimescalled the Red Elm. It is noted for its mucilag-
inous inner bark used in medicine. 
. . . 
Ulmus crassifolia Nutt. is mentioned in two articles 
(The American Forestry Association, 1938; May, 1934) as 
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being one of the recognized American species of elm. Altho gh 
there is no mention of it in Gray's Manual of Botany (Robin 
son and Fernald, 1908), it is described in Rehder (1940) as 
a species related to Ulmus parvifolia Jacq. (The Chinese El ). 
The common name of this species is Cedar Elm. It is a medi I 
tall tree, often bearing on its branches two opposite corky 
wings. It is found . in the Central States and southward 
(Mississippi to Arkansas and Texas). 
Two well-marked elm types exist in England, and also 
enjoy a wide distribution in Europe, western Asia, and nor-
thern Africa. - Ulmus procera Salisb. (The English Elm) may 
reach a height of 40 or even 50 meters. It may live to be 
a hundred years old, rarely more, attaining giant girth. 
This stately elm is susceptible to Dutch elm disease. 
Ulmus glabra Huds. (Yych Elm) has an upright trunk with 
spreading branches and smaller, smooth leaves. According t 
Chambers's Encyclopedia (1899), from it have sprung the 
rapidly growing timber trees, the Huntingdon Elm, the Chi-
chester Elm, and the Scampston Elm; and also the ornamental 
varieties Ulmus fastigiata (Exeter WYch Elm), moderately 
susceptible to Dutch elm disease, and Ulmus variegata, the 
leaves of which are silvery striped. Hence this elm is 
known as the Variegated Wych Elm. 
The sub-species Ulmus carnpestris latifolia Stokes, 
sometimes called the Scotch Elm is similar to Ulmus procera 
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Salisb., but has a less upright trunk, branches that are 
more spreading, and leaves that are larger a.nd broader. It 
too, is susceptible to Dutch elm disease. 
# Susceptible and Resistant Specie!=! 
Within any species an occasional member ma.y appear, 
which can resist the development of the fungus. Some speci .s 
appear to be much more resistant than others. 1 have liste 
below several species and sub-species in the order of their 
susceptibility. 
Very Susceptible 
Ulmus americana L., The American or White Elm 
Ulmus hollandica belgica (:Burgsd.) Rehd., 
The Belgian Elm 
Ulmus hollandica Mill., The Dutch Elm 
Susceptible 
Ulmus glabra Huds. , The Wych Elm 
Ulmus carpinifolia . suberosa (Moench) Rehd. ,-
The Cork-Barked English Elm 
Ulmus carnpestris latifolia Stokes, The Scotch Elm 
or Broad-leaved English Elm 
Ulmus carpinifolia Gleditsch., The Smooth-leaved 
Elm 
Ulmus foliacea Gilib. 
Ulmus DifiiOr, Henry 
Ulmus CaillJ?eetris monumentalis (Hort.) 
Ulmus ce.mpestris WheatleY! (Simon-Louis) The 
Wheatley Elm 
Ulmus 
Ulmus 
Ulmus 
Ulmus 
Ulmus 
Ulmus 
Ulmus 
. . . .. 
Moderately Susceptible 
ca.rpinifolia sarniensis (Loud.) Rehd. 
glabra f.fastigiata Dip:p. 
hollandica vegeta (Loud. J. Rehd., variety 
. The Huntingdon Elm 
a onioa (Rehd.) Sarg. The .Tapanese Elm 
le.evis Pall.) The European White Elm 
procere. Salisb., The English Elm 
Wilsoniana Schneid., Wilson's Chinese Elm 
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Resistant 
Ulmus fu.lva Michx., The Slippery Elm 
Ulmus pumila var. arborea Litv. 
Ulmus pumila var. pinnato-ramosa Henry 
Ulmus parvifolia Jac~., The Chinese Elm 
Ulmus Thomasi Sarg., The Cork or Rock Elm 
Ulmus pumila,-Ulmus americana, a hybrid 
Highly Resistant 
Ulmus pumila. L., The Siberian Elm 
Ulmus carpinifolia var. Christine Buisman Gledits~ • 
The Chr1stine BUisman Elm 
# Authority for scientific names used in this list is 
Rehder ( 1940). 
A study of the list shows how few species have been 
found to be resistant to this deadly . elm disease • . The use-
fulness of two of the resistant species, Ulmus pumila var. 
arborea Litv:-. e.nd Ulmus parvifolia Jacq., . is limited becau 
of undesirable habits of -growth.- They are not very tall 
trees a.nd they tend to be dwarfed and shrubby. The same is 
true of our native Slippery Elm .and -the Cork or Rock Elm. 
The chief value -of such trees lies -in the fact that they ma 
be made to hybridize with -more desirable, but susceptible 
species, producing offspring that may combine the excellent 
features of both pa.rents. 
The Christine Buisman Elm, Ulmus ca;pinifolia var. 
Christine Buisman Gleditsch., deserves special mention. 
is a European seedling selection of Ulmus carpinifolia 
Gleditsch. and is resistant to both Dutch elm disease and 
phloem necrosis, another serious elm disease (Whitten and 
It / 
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Swingle, 1948). It is the most highly resistant elm the 
Dutch have found. 
Some work has been done in an effort to determine wha 
other varieties and types of plants ma.y be susceptible to 
the Dutch elm disease, and which ma.y harbor the fungus, 
thus becoming a. source of inoculum for other plants to whi h 
the disease is fatal. E. P. Felt (1933) mentions that the 
Japanese Keyaki (Zelkova Keaki Mayr.) is susceptible. 
Curtis May (1934) reported that the only known hosts were 
the elms and the closely related tree genus, Zelkova. In 
1934 R. K. Beattie at the Dutch elm disease labora.tory at 
.Morristown, New Jersey, reported: 
"Jklring the year, Graphium ulmi was grown 
saprophytically under laboratory conditions 
on unsterilized cross~sections of the wood 
of twenty-two America.n species of trees, 
including such common trees as maple, beech, 
and oak. Such saprophytic growth on other 
woods than elm has not been found in ns.ture. • 
M. M. Wilson and M. :r. F. Wilson (1935) stated in the 
Gardener's Chronicle that a Mr. Bryce •inoculated Salix 
coerulea (a common willow) with die-back resulting and 
some discoloration•. 
s. J. SWRmucker (1940a.) announced the discovery of a 
new host genus for Ceratostomells. ulmi. This is Pla.nera., 
a member of the Elm Tribe, Ulmea.e. The genus is repres-
ented by trees with small leaves, like those of elms; and 
the flowers appear with the leaves in axillary clusters. 
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The specific host involved is Planera aquatics. (Walt.) J'. F 
Gmel. and is known as The Ya.ter Elm. It is a. rather small 
tree found in the coastal swamps from North Carolina to Flo -
ida. and Texas, and inla.nd in the Mississippi basin to Miss-
ouri, southern Illinois, and Kentucky. It is found over a 
wide territory, and hence could be a source of much trouble. 
In the laboratory it developed pronounced wilt and consid-
erable die-back shortly after inoculation with Ceratostomell 
~· 
s. J'. Smucker (1942) prepared some notes on Scolytus 
sulcatus and apple trees in rele.tion to the Dutch elm dis-
ease program. He observed that, although Cere~tostomella 
ulmi was capable of remaining viable for considerable time 
in living apple trees, it was unlikely that the disease 
would be spread from the apple to the elm in nature. A stu 
dy of the habits of the insect involved supports this belie • 
The opinion of Mr. J'. w. Brown of the Depa.rtment of Entom-
ology at Ottawa is summarized by Ren~ Pomerleau: •A son 
avis, eet insecte ne semble vivre ~ue sur le pommier et de 
toutes mani~res ne constitue pas chez nous un vecteur impo 
ant de la inaladie •(~omerleau, 1945). 
On the whole the outlook is encouraging, at least from 
the point of view that there seem to be no very important 
carrier hosts outside of the Elm Tribe. One wa.y of attack-
ing the problem appears to be through careful selection and 
16 
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II 
A HISTORY OF THE DUTCH ELM DISEASE 
The origin of the fungus tha~auses the Dutch elm dis- 1 
ease is still unknown. The disease is called the Dutch elm 
disease, not because it originated in Holla.nd, but because 
it was first observed and studied there. Perhaps it came 
from the Orient. Some think this is possible, seeing that 
certain species of elms and rela.ted trees which are native 
to Manchukuo have developed a high resistance to the 
disease (Baldwin, 1939). 
The origin of the Chestnut blight is genere.lly a.greed 
to be in Eastern Asia (Felt, 1933). Chestnut blight is a 
similar fungus disease, especially fata.l to the .American 
Chestnut, a,nd harmful to several related species. I well 
remember how sudden e.nd destructive this parasite was. Jus1 
outside the countr,y school house, where I spent the first 
four years of my journey along the anything but primrose 
path to knowledge, was a grove of magnificent chestnut tree1 , 
ea.ch dropping its prickly clusters of fruit to tantalize thE 
fingers and appetites of youngsters blessed in those days 
with an hour-long lunch period. In just one year those 
splendid trees perished, and their stark and lifeless skel-
etons remained, pitiful monuments to human short-sightedness! 
Chestnut blight spores are wind-borne, wherea.s the 
spores of the Dutch elm disease are spread by insects. 
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.Another point is that the chestnut trees tend to grow in 
groves, thus falling easy prey to the fa.ta.l disease; where-
as elm trees tend to be more scattered, a habit of growth 
decidedly in their favor--although elm groves a.re by no 
means uncommon. 
Authorities are generally agreed that the Dutch elm 
disease was first recognized as being a new a.nd different 
disease in 1919 at Tilburg in North :Brabe.nt. How long a 
time the disea.se may have existed in the Netherlands prior 
to 1919 is a matter of conjecture. CUrtis May (1930) re-
ported that other early cases of elm disease had been ob-
served in 1919 at Rotterdam, where its serious and unique 
nature passed unnoticed because of certain confusing fact-
ors. These trees were located near a gas factory and it wa1 
known that the gas might be responsible for such external 
symptoms as were apparent; then, too, these symptoms were 
cha.racteristic of trees inadequately nourished; and, also, 
some of the parasitic mushroom, Armillaria mellea, the HoneJ 
Mushroom, were to be found growing on the trunks. The ·tree1 
were certainly unhealthy and in a condition to fall easy 
prey to any invading organism. 
Ey 1920 the disease was serious in Holland, and by 192 
it was epidemic throughout Holland. lt was peculiarly fata 
to the species most common _in the .Netherlands, Ulmus holle,nd-
ica Mill., which formerly bordered most of the roads and 
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were important in dyke.holding. The destruction was fright 
ful. Baldwin (1939) reported: •or ~0,000 elms known to be 
in ~tterdam in 1920, 17,000 had been killed by the disease 
by 1930, and in some cities, all the elms were dead•. 
Curtis May (1950) describes a four-mile stretch of road nea 
Baarn, bordered by a double row of .elms, all dead, and in tl: e 
process of being cut down. 
No doubt the disease had alre~dy made its appearance ii 
many other places. Beattie (1937) states that it was repo rd . 
ed at C~ons-sur-Marne in France in 1919, that no efforts 
were made to control it, and that by 1937 it had reached --
Calais, Paris, Versailles (whos,e famous elms have all sue. 
cumbed and have been cut down and replaced by lindens), at 
Vichy in central, and at Berge-rac in southwest France. It 
must have b,een present in Belgium fully as long a time as ir. 
Holland, but in 1937 no efforts were being made to control 
it. M. Wilson (1927b.) reported that in 1921 it existed 
throughout Belgium. 
The disease spread rapidly on the continent. B.y 1924 
it had been found in Rhineland, Bremen, Westphalia, Nuren. 
berg, Potsdam, and Bonn in Germany. It had spread northwa~ 
into Poland, eastward into SWitzerland, Czechoslovakia, and 
the Balkan States, and southward into Italy and Spain. It 
Had been reported at Oslo, Norway. (What a range of temper-
ature, soil, and elimatic conditions this organism is able 
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to endure!) 
An attempt was made to keep it out of England, and 
stringent laws were passed forbidding the importation of eli 
wood in any form from the mainland of Europe (M. Wilson, 
1927a.). Nevertheless, in due time, several diseased trees 
were discovered near London in 1927, and since then the dis 
ease has spread far and wide over the English country-side. 
In the meantime, in some of the more progressive coun-
tries of Europe, desperate attempts were being made to dis-
cover the cause of the disease, and the method or methods 
by which it was communicated from diseased to healthy elms. 
In 1922~ a Dutch pathologist, Miss M. B. S-chwarz { 1922) 
isolated from diseased elm wood a species of Graphium, whic1 
she named Graphium ulmi. She declared this fungus to be th41 
cause of the disease, but as her inoculation experiments 
were not quite convincing her views were not at once acoept 
ed. Later investigators were able to causethe disease and 
all its symptoms in healthy trees by inoculation with 
Graphiurn uimi ( Buisman, 1930). 
About the same time a German scientist named Brussoff 
claimed that he bad discovered the cause of the disease. 
He disagreed with-Miss Schwarz, maintaining that Dutch elm 
disease was caused by a bacterium, which he named Micro-
coccus ulmi, and which he said infected other species of' 
trees--~. Tilia, Populus, and Fagus. He conducted no 
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infection experiments on the other species of trees, howeve ' • 
His reports were so plausible, that many people were satis-
fied. The confusion that followed caused many Dutch elm 
disease eradication and control projects to be abandoned, o 
to be carried on in a hap-hazard, desultory manner. Before 
the problem could be +esolved, the disease had become hope-
lessly wide-spread. 
In 1927 the relationship between beetles and fungus wa 
not known, although M. Wilson (1927a.) had noted: "The bar 
of such {diseased) trees is almost always riddled by the 
burrows of bark beetles•. He suggested that the disease 
might be due to physiological causes--the cold winter of 
1923-1924, or the dry summer of 1921. M. Wilson and M. J. 
F. Wilson (1927) state that people were beginning to look 
with favor upon the Dutch pathologist's work on Graphium 
Y!m!· Two well-known German mycologists, Dr. H. Y. Wollen-
weber (1927) and Dr. Stapp, had performed infection exper-
iments which seemed to prove conclusively that the cause of 
the disease really was Graphium ~ Schwarz. Dr. Christin 
Buisman of the Phytopathological Laboratory, Willie Commeli 
Scholten in Baarn, Holland, also did much to help clarify 
the cause. Of significance was the fact that eighty per 
cent of the cultures made from samples of diseased British 
elms yielded the fungus. 
Just when and how the vectors of the disease were 
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identified I have not been able to discover, but it must ha,e 
been about 1930. A statement from an abstract of Dr. Chris-
tine Buisman's paper (Buisman, 1930) is as follows ; •It is 
likely that the spores of this fungus are spread principallJ 
by wind and enter the wood through small wounds. Means of 
control have not been found." In 1930, then, the vectors 
were no~nown, at least not to this excellent authority. 
However, May and Gravatt (1931) made the assertion that the 
spread of the disease was due to Scolytus scolytus F.abr. 
and other bark-boring insects. Hence, identification of 
the vectors must have occurred at about this time. 
Authorities in the United States had an early warning 
to be on the look-out for the disease in the United States. 
M. F. A. Bartlett of the Bartlett Tree Expert Company becam1 
interested in and began to investigate what he described as 
a comparatively unknown elm trouble (Dutch elm disease) in 
thefall of 1927. As a result, a bulletin entitled The Eur l 
opean Elm Disease was published by the Bartlett Tree Res ear , h 
Laboratories. Nevertheless, by the time the 1932 investiga 
tion by Federal agents had taken place, considerable areas Qf 
the Northeastern United States had been exposed to the in-
fection. 
The presence of · the disease was first discovered in th 
United States in 1930, one case being identified in Cin-
cinnati, Ohio, and four in Cleveland, Ohio (May, Liming, and 
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Alexander, 1931). The identification was tentatively given \ 
by Dr. Christine Buisman, who was visiting the States at th 
time. Later, her diagnosis was confirmed. How the disease ~.·· 
could have gained entrance into the country was not under-
stood, since the cases • ould not be traced to nursery or 
other imported stock. Since 1919, importation of nursery 
stock had been under special permit only, and had been quit 
limited. Moreover, as the authorities came to realize just 
how serious the disease was, such permits were not issued! 
In fact, no imported elms had been known to come to the Ohi 
region from the time the disease had been discovered in 
Holland! 
David H. Linder (1931) suggested: 
"---that the .fungus is endemic to North America. 
While such a statement appears premature on the 
basis of the meager evidence at hand, the fact 
that the disease doesn't seem to be extremely 
virulent, or at least to have spread rapidly in 
this country, indicates that the American elm 
has been exposed to the fungus for so long a 
time that it has developed a fair degree of im-
munity." 
A complete history is made up of countless little 
things. There is neither time nor space for many such in a 
paper like this, but I would like to publish two letters to 
show how much interest had been aroused among the plant pat~­
ologists all over the country, by the appearance of the Dut1 
elm disease in Ohio. The letters are from the Farlow Crypto 
gamic Library, at Harvard University, cambridge, Mass. 
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Plant Pathologist 
Shaw Botanical Gardens 
St. Louis, Missouri 
Dear Sir: 
Nov. 24, 1930 
Under date of Nov • .. ? I received the follow-
ing letter from Dr. Richard P. White of the New 
Jersey Agricultural Experimental Station: •one 
of the members -of theN. J. Shade Tree Commission-
ers spent some time in St. Louis, Mo., this sum-
mer and has recently reported to me that a number 
of elms in the vicinity of the Shaw Botanical 
Gardens were dying this summer. He suspected 
later, after becoming acquainted with the discov-
ery of the Dutch elm disease in Ohio, that it was 
quite likely that the elms which he saw in Miss-
ouri were also infected with this disease. I am 
wondering if you are acquainted with the situa-
tion at the Shaw Botanical Gardens, and whether 
or not any investigation has been made of this 
case? I will be glad to- hear from you.• 
On further correspondence with Dr. White he 
informs me that he intended for us to follow up 
this matter as he had not made any examination 
of these dying trees. 
Ye would be interested to know if any one at 
the Shaw Botanical Gardens has examined these dy-
ing elms in the vicinity of the Gardens. - We are 
particularly interested in the subject at the 
present time on account of the Dutch elm disease 
in this country. I am enclosing a copy of a re-
cent article on this disease. 
Yours very truly, 
G. F. Gravatt 
Senior Pathologist 
U.S.D.A. Bureau of Plant Industry 
washington, D. C. 
The letter written in reply follows: 
Your letter of Nov. 24th, concerning the. 
Dutch elm disease has been referred to me for 
answer by Dr. G. T. Moore. In reply, I wish to 
state that I have examined the dead elms at the 
Missouri Botanical Gardens but have failed to 
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discover Graphium ulmi or its symptoms. Old, 
dead trees, as well as recently killed trees 
in the Gardena and elsewhere, have almost uni-
vers~lly been found to be infected with Verti-
cillium sp. and Sphaeropsis sp., more rarely 
with a species of Monilia. The first two have 
been grown in cultures, and were turned over 
to Dr. Buisman. 
The statement that - there is no Dutch elm 
disease here was tentatively confirmed by Dr. 
l3uisman when she visited the Gardens last' August 
(1930). At that time I showed her, in addition 
to the trees in the Gardens, those that occurred 
between here and the border of the Meramec River 
near Osage Hills. She took a number of samples, 
but none showed the characteristic symptoms. I 
have not as yet heard from Dr. Buisman concern-
ing the results of her- isolations from the sam-
ples and so hesitate to state dogmatically that 
there is no Dutch elm disease in Missouri. Un-
fortunately the severe drought of the past sum-
mer caused the elms to shed their leaves pre-
maturely so that external symptoms may have been 
masked. There was, however, no discoloration 
of the wood in the trees examined. 
Yours very truly, 
David H. Linder, Mycologist 
From 1930-1932, the known cases of the disease in 
.America were limited to less thana..dozen trees in Ohio. But 
by April, 1934 (Massachusetts Forest a.nd Park Association, 
1934), the disease had been found in Maryla.nd, Connecticut, 
New York, and New Jersey. In New Jersey the most serious 
outbrea.k had occurred at Maplewood and East Ora..nge where 
more than six hundred trees had been destroyed. A total of 
more than 3,800 diseased trees had been found in these area • 
In the summer of 1932, Federal agents intercepted ship j 
menta of elm burl logs, imported from Europe, and they were 
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found to be infected with the disease. They also carried 
in their bark two species of European elm bark beetles, 
Scolytus scolytus and Scolytus multistriatus. The former is 
consi·dered the more important carrier in Europe, but has no , 
become established here. The latter was suspected of being 
a vector, and is a species already widely distributed in th 
North Atlantic States. Both species of beetles were found 
to be infected with spores of Dutch elm disease; and in 
certain cases the Dutch elm disease could be traced direct-
ly from a. shipment of these burl elm loge and their beetles 
Further investigation revealed epipments of diseased elm 
had been delivered at the following ports: New York, Ba.lti 
more, Norfolk, Va., and New Orleans • . 
In 1933, Drs. Beattie, May, White, and their associate 
began a series of studies on how the beetle spread the dis-
ease. In 1935, their discoveries, proven to be true by 
carefully conducted experiments, were .published (Middleton, , 
Buchana.n, May, and Walter, 1935).Apparently some fifty-eig ·t 
shipments of burl elm logs had entered four ports during th j 
years 1925-1934 • . Some of the logs were delivered by rail t 
points in the Central and Mid-western States. Seven small 
centers of disea~e infestation have since been reported as 
traceable to imported logs, among them the diseased trees 
in Ohio. Elm veneer logs were sent to factories in the 
following cities: Cincinnati, Louisville, Indianapolis, 
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Knoxville, Chicago, and Kansas City. 
R. Kent Beattie (1935) reported that in 1934, two more 
trees, probably infected earlier in 1929 as shown by the 
location of the discolored rings in the wood, were found in 
Cleveland. They: were near railroad lines which hauled burl 
elm logs. Four diseased trees in Indianapolis, all within 
one-half mile of a. veneer factory, showed discolored rings, 
one of them dating back to 1926, so that it can be assumed 
that the earliest u. s. infection may be placed at 1926. 
Beattie reported further that over 7500 diseased trees were 
found around the arrival port of the Cleveland and Cincinn-
ati railroad. The mystery of the origin of those first 
cases of Dutch elm disease in the United States is now 
fairly satisfactorily solved! 
At the 1948 Shade Tree Conference, Whitten and Swingle 
( 1948) reported that Dutch elm disease had -- spread . f-rom cent. 
ra.l New York to Virginia and Tennessee. Its domain stretchE1 d 
from the East Coast to Central India.na. It had been identi. 
fied in Denver, Colora.do, and a single, unconfirmed tree wa1 
reported near Kansas City, Missouri. At the present time i 
has become very wide-spread in Massachusetts and is advanc-
ing into the northern New England sta.tes. 
I should like to conclude this part of the history of 
Dutch elm disease. with a quotation from Henry Baldwin's New 
England Elms in Danger (1939): 
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"The story of how any quantity of such logs 
(burl elm) came to be imported is a colorful 
romance of the late- lamented 1920's referred 
to by Aldous Huxley as the age of the 'Great 
Stupidity'. The Dutch elm disease in the 
u. s. A. is one of its corollaries". 
Dutch elm disease was discovered in Canada in 1944 
(Pomerleau, 1944). Canadia.n authorities had been vigila.nt 
in their efforts to keep the disease out of Canada, and the 
had been especially watchful e.fter the a.ppearance of the 
parasite in the United States. Since 1930, they had studie 
in particular the elms in Quebec and about Mont real, where 
an unusually large number of elms were -sickly or dying. 
None of these diseased elms had yielded any proof of the 
presence of the fungus. Cultures yielded the Verticillium 
wilt fungi and other native, but not too dangerous parasite • 
Samples sent to the Dutch elm disease laboratory at Morris-
town, New Jersey, were returned as being negative for Dutch 
elm disease. 
In 1944 the death rate among the elms rose alanningly. 
Many magnificent elms of historic importance (Manoir de 
Saint-Ours) died suddenly and for no apparent reason. Lab-
oratory specimens, prepared more carefully than ever before 
indica.ted Cera.tostomella ulmi. The United States l.aborator 
at Morristown confirmed the diagnosis (Pomerleau, 1944). 
How had the disease gained entrance"/ It seemed unlike 
ly that it could have come by way of infected areas in the 
United States. The nearest area of infestation was in New 
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York, two hundred and fifty miles distant. Perhaps it had 
entered by way of Port de Sorel, but shipments of elm burl 
~ogs had been forbidden since 1928, and elms from neighbor-
ing countries were examined and their entrance permitted 
only a.fter they had been debe.rked. Agents of the United 
States Federal Government had discovered both beetles and 
fungus in the bark of elm slats used as crating for packing 
chea.p dishes from a pottery in Staffordshire, England! Fer-
haps the disease had come in such a manner. Since the main 
infestation centered around the port, it ~ seemed most 
likely that the entrance of the disease was connected with 
some commercia.! enterprise (Pomerleau, 1945a.). 
In spite of valbmt efforts to hold the disease in 
check, it now occupies an extensive area in ~uebec and is 
firmly established on both sides of the St. Lawrence River 
from Q,uebec to Montreal (Pomerleau, 1945b. and 1946). 
The mystery of the origin of this disease remains un-
solved. Is it native to some part of the Orient? We may 
never know. On the other hand, should the Iron Curtain be 
lifted, some one of World's scientists may solve the riddle 
Perhaps the disease is a •sport" from one of the native 
Verticillium or Cephalosporium wilts. At the present time, 
it is known to exist only in Europe and in North America .• 
It looks as if it were here to stay. And the real problem 
is, how are we going to live with it? 
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III 
THE DUTCH ELM DISEASE 
The Fungi . 
As an introduction to the following section which is 
devoted first to a general consideration of the Fungi, then 
to a discussion of a certain order of plants in that group, 
and finally to a discussion of one species, Ceratostomella 
ulmi, I should like to quote from Wehmeyer (1926): 
"Perhaps the most important point to be under-
stood before entering upon a discussion of the 
stromatic Sphaeriales, or of the Fungi in gen-
eral, for that matter, is the extreme plasti-
city of their morphological characteristics." 
Numberless are the forms and types of fungi known to 
exist, and all are dependent for their existence upon other 
living things. They lack the green coloring matter of the 
independent plants and hence are incapable of photosynthesis, 
the food-manufacturing process of plants possessing chloro-
phyll. Some are saprophytes and secure the necessary food 
materials by living upon the dead bodies of other organisms. 
Some are parasi tee and obta.in their nutrient materials from 
the living bodies of animals or plants, their activities 
usually resulting in the injury and even death of the host 
organism. Some may exist for part of their life cycle as 
saprophytes, existing as parasites during the other part. 
Some of these Dr. jekyll-Yr. HYde organisms are extremely 
limited , being dependent upon one particular host; 
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others are moderately limited; and still others attack a 
wide range of hosts. 
The Fungi belong to the great group of plants known as 
the Thallophyta., the Simple Plants, placed at the very 
bottom, the first rung of the ladder of Evolution of the 
Plant Kingdom. From them, all other plant forms are be-
lieved to have developed. Thallophytes are characterized 
by a vegetative part consisting of one cell, or perhaps of 
many cells that fonn a simple, fla.t structure called a 
thallus, more or lese bra.nched. 
The Fungi (HYPhomycetes) are 
ated from the Algae. Their cells 
walls characterized by many small 
believed to have origin-
possess very thin ce11u1os, 
nuclei scattered through-
out the colorless protoplasm. F.at globules and ·glycogen 
may be found in the cells, but never true starch. In the 
Fungi the thallus is made up of much-branched, septate 
or non-septate filaments, forming hyphae, which compose the 
mycelium or body of the plant. The various methods of 
reproduction, both sexual a.nd asexual are more varied in the 
Fungi than in any other member of the Thallophyta. 
Classifica.tion of the Causal Agent 
The sub-division of the Fungi that is of interest in a 
study of Ceratostomella -ulmi (Schw~rz) Buisman, the causal 
agent of the Dutch elm disease, is known as the Ascomycetes. 
They are characterized by an alternation of generation where 
I 
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in sexual organs, o~gonia (or carpogonia) and antheridia., 
give rise to the sporophyte which produces the asci. The 
young ascus has at first two nuclei which fuse, and from it 
usually develop eight spores in longitudinal series. These 
accessory spores, borne on the garnetophyte, provide for 
rapid and efficient dissemination. 'l'hey are forced out of 
the ascus, which ruptures at the tip, by the swelling of th 
surrounding protoplasm. 
The following passages taken from Biologic Studies in 
the Sphaeriales by .Julian H. Miller ( 1928) will help to 
clarify the meaning of alternation of generation in the 
Ascomycetes. 
"There is apparently a tendency toward the re-
duction of the sexual appe.ratus in the Asco-
mycetes. Nevertheless, the ascospore has al-
ways been considered the sexual spore.• 
''The body that arises from the archicarp and 
bears ascospores is the sexual fructification 
in contrast to the stroma. In the Sphaeriales 
the body (perithecium) which arises from the 
archiearp (including wall, ascogenous hyphae, 
asci, paraphyses and periphyses) is a distinct 
generation in the life cycle of the fungus, 
and is just as truly distinct from the other 
genera.tion {mycelium and stroma) as the sporo-
phyte is distinct from the gametophyte of a 
higher plant. " 
One of the several divisions of the Ascomycetes is the 
;fyrenomycetes, which includes . lO,OOO epecies,among them the 
fungus that ce.uees Dutch elm disease. The members of this 
group are characterized by special fructifications, the peri 
thecia, which are flask-shaped, opening by a small pore, the 
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ostiole, and containing an hymenium with asci arising in 
parallel series from the floor and lo·wer parts of the aides. 
Vegetative filaments of the mycelium take part in the fonn-
ation of the ascocarp. The perithecial floor and walls are 
coated with hyphal, hair-like filaments, the paraphyses and 
periphyses. The spores are discharged through the ostiole, 
as one ascus after another elongates as a result of the wateJ 
absorbed. Some spores are set free within the perithecia, az d 
are ejected, embedded in a swollen mass of slime. In the 
simples t Pyrenomycetes, free perithecia grow singly on the 
inconspicuous mycelium, and t hey resemble small black dots 
scattered over the surface of the organic substratum. In 
some, the perithecia arise in groups embedded in a 'Club-
shaped, sometimes branching mass of compact mycelial hyphae 
---the stroma. 
The stroma is made up of a mass of vegetative mycelium 
not resulting from a sexual stimulus. In the Pyrenomycetes 
it may be of two kinds: the ectostroma and the entostroma. 
Wehmeyer (1926) writes of the ectostroma: 
"---(it) is formed on the surface of the bark, be-
neath and within the periderm and which consists 
typically of fungous tissue only, except that 
when it is developed within the periderm, it may 
contain the remnants of the periderm cells, but 
never of the bark cells." 
Of the entostroma he writes : 
"---(1t) develops within the cortical or woody 
tissue of the host or substratum and is made up 
of components of both fungous and host tissue or 
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substratum tissu,e." 
In most Pyrenomycetes formation -of perithecia -is pre-
ceded by various accessory fructifications, especially 
conidia. The conidium is the characteristic unit of access 
ory multiplication in the Fungi. Usually conidia (or exo-
spores) arise, either singly or in groups, by abstriction 
from the ends of branches of a parent hypha, developed as 
specialized stalks known as conidiophores, and not enclosed 
in any kind of sporangium. In many Ascomycetes, conidia 
(or more rarely chlamydospores) are thus fanned asexually 
before the sexual organs or asci have originated. Conidio-
phores are often joined in a conidial stroma, appearing in 
club-shaped mycelial masses. 
The Pyrenomycetes have a more complex development than 
any other ascomycetous fungi. They are subdivided into fou~ 
groups (Gwynne-Vaughan and Barnes, 193?) according to cer-
tain characteristics of. perithecia and stroma: HYpocreales 
Sphaeriales, Dothideales, and Laboulbeniales. The group 
that includes Ceratostomella ulmi is found in the Sphaer-
. . 
iales. The perithecium wall and stroma, if present, may be 
described as firm, leathery or brittle, and dark in color. 
Julian Miller claims that this firm, dark wall is really th 
stroma, and that in all members of the Sphaeriales the true 
wall is •thin, membranous and quite variable in color 
(Miller, 1928)•. The Sphaeriales comprise well over 6000 
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species and new species are constantly being found. The 
number of individuals within each species is enormous. The 
majority are useful saprophytes, bringing about the first 
stages of decay in materials such as wood or straw. Their 
black, brown, or carbonaceous appearance is responsible for 
the name of the entire group--Fyrenomycetes, of which the 
members of the Sphaeriales make up the greatest part. 
Fructifications of several kinds may be present. In 
the first eight families of the Sphaeriales, the perithecia 
are more or less free, but they may be partly sunk in the 
substratum, or in a small mass of the hyphae, or even may b 
growing on a definite stroma. The Ceratostomaceae is the 
name of the family to which the fungus, Ceratostomella ulmi 
(Schwarz) Buisman, the cause of. Dutch elm disease, belongs. 
The members of this family are distinguished from other 
families by their free perithecia, the peridiurn being des-
cribed by Gwynne-Vaughan and Barnes (193?) as "leathery or 
carbonaceous with a long, sometimes filiform neck". 
Ceratostomella ulmi (Schwarz) Buisman 
Most diseases of shade trees are caused by parasitic 
fungi which derive their nourishment from the foods, manu-
factured and stored by the green-leaved tree or from the 
living protoplasm or other structure of the living tree. 
Ceratostomella ulmi , {Schwarz) :Buisman is one of the few mem-
bers of the Sphaeriales which is parasitic. It is related 
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to a group of fungi, some of which cause discoloration in cut 
lumber and logs. Henry Baldwin (1939) describes it as ~erel 
another form of the blue-stain fungus which causes sap-stain 
in· newly sawn lumber." In the Massachusetts Forest and Park 
Association Bulletin Number 154 (1934) appears the statement 
that the "organism is closely related to organisms that produ 
blue stains in the wood of pine, gum and other trees". 
One stage of its existence is spent as a saprophyte on d i d 
and decaying elm wood, and it has even been found growing on J! e 
of 
dead parts of other kinds~trees. Perhaps it originated as a 
mutant of some as yet unidentified saprophyte. Laborator,y 
experiments by Smucker (1940) have proven that it is also abl 
to exist for a considerable length of time in apple, maple, a 
beech. It can be distinguished from other fungi causing simi r 
types of wilt in elm, only by a study of the character of its 
reproductive structures. Perhaps it developed as a sport fro a 
parasitic fungus. Several distinct strains of Q. ulmi have b n 
identified, one of which is practically non-pathogenic, whereJ s 
another is extremely virulent. Leach (1940b.) suggests the 
possibility that "the pathogenic strains may have arisen by 
mutation from a previously harmless fungus symbiote" of the 
vector beetles; and that the origin of the disease may, there 
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fore, be Western Europe, rather than Asia. The favored theo~ 
has been that its origin is Asia, and it is quite possible. 
The Siberian Elm and certain other Asiatic species show great 
resistance to the disease. Imported pathogens are likely to more 
serious for native trees which have not, through the count-
less millenn~a of evolution, been exposed to the ravages of 
·· ·~'· the parasite, slowly building up a resistance by the proces 
known as •the survival of the fittest•. 
Griginally the Dutch elm disease fungus was known only 
by its imperfect (Graphium) stage, which was identified in 
1922 by Miss M. J. Schwarz, a Dutch pathologist, who gave i 
the name of Graphium ulmi. Later, through the efforts of 
other scientists, the perfect or ascigerous (or sexual) 
stages were discovered and the name Ceratostomella ulmi 
(Schwa~~) Buisman was given to the plant (Wollenweber, 192? 
Bui sman, 1930). 
Ceratostomella Y1m1 is a ver,y versatile organism, bein 
able to exist as either parasite or saprophyte, and possess ! 
ing various methods of reproduction. It can sporulate aero 
genously in slimy heads, and also on coremial stalks (the 
Graphium stage) and can produce perithecia (the Ceratosto-
mella stage). The fungus exists, within the water tubes of 
its living host, almost entirely in a yea.st-like stage, ·and 
the spores increase- by budding. 
The coremial stalks are black, their length varying up 
to 1,500 microns. At the top the sticky mass of white or 
cream-colored spores is found in a wart-like or club-shaped 
structure. The coremial spores are from 1 to 4 microns by 
2.5 to ? microns, ve~ minute, enormous in number, and, 
although produced under moist conditions, they are e~pable 
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of geminating after several weeks of exposure to dry con-
ditions. 
The coremia usually occur in shelte·red places in crack1 
between wood and bark {Welch, Herrick, and Curtis, 1934), 
but they have been observed in nature on the ends of logs 
cut from diseased trees, under loose bark .of old logs lying 
on the ground (May, 1934), on diseased living trees both 
planted and in the field, on sickly elms apparently not in-
fected, and sometimes they have grown fully exposed to the 
outside, although this is uncommon (Tyler, Parker,and Pope, 
1939). The galleries and tunnels made by several species o::f 
beetles beneath the bark seem to be especially suitable for 
their development. Coremia are of little value in identify. 
ing the disease, because of their inconspicuous nature and 
because of their resemblance to the fruiting structures of 
other fungi. 
The aerogenous conidia average 2.0 by 4.0 microns and 
the shape is variable. Yeast-like budding is common in cul 
tures (May, 1934). The perithecia are black, round, 105 to 
135 microns; the neck and cilia measure from 265 microns to 
380 microns (neck with. cilia). The asci are embedded in a 
slimy mass, soon disintegrating. Each ascospore is slight-
ly curved, shaped like the section of an ora.nge. Ascospore1 
measure from 4.5 microns to 6 microns long, by 1.5 microns 
.. wide (May, 1934). In England and western Europe both asex-
ua.l and atllual (peri thecial) fruiting stages are common, bu1 
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in the United States, it is almost always the asexual stages 
that have been found. 
Since the reproductive parts of the fungus are confined 
to the interior of the tree, and the spores occur in sticky 
or slimy masses, it is unlikely that the wind could ever be 
of importance in their dissemination, although experiments 
by s. J. Smucker (1935) suggest the possibility. All stages 
of the fungus appear to be infectious, and all parts are too 
small, except in mass, to be identified by the naked eye. 
Identification can be certain only by making laboratory 
cultures of suspected diseased specimens of elm. 
The cultures are grown on potato-dextrose agar, and are 
grayish, slimy, zonate, producing spores abundantly. These 
zonate colonies and conidiophores with young spores fonn the 
basis for the identification of Ceratostomella ulmi when 
grown on the pota.to-dextrose medium. Verticillium and Ceph-
a,losporium isola.tions form colonies of a different type. As 
time goes on, a grea.ter amount of a!rie.l mycelium develops 
in the sub-cultures and the zonation finally becomes indis-
tinct. The mycelium is varie.ble in size and verticillate 
branching is common. 
Young cultures form large numbers of spores acrogenous-
ly. These spores are generally somewhat pear-shaped, but 
vary considerB.bly in shape. Yeast-like budding of the spore 
is common, and on some media the culture itself resembles a 
yeast colony. The spores range from 3.0 by 1.5 microns to 
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?.0 by 4.0 microns. (May and Gravatt, 1931) 
The Cephalosporium-like stage of the fungus is followed 
by the coremial stage in about two weeks. The coremia of th 
cultures have black stalks, lighter a.t the top, and bearing 
a nearly spherical, glistening ball of spores, hyaline, fair y 
uniform in size, and averaging about 3.2 by 1.? microns. Th 
stalks may be as much as 1200 microns long by 120 microns 
thick. Coremia. grow up from both the diseased wood used in 
the culture and from the a.ga.r. Production of coremia is som -
what erratic on these cultures. A reason for this may be 
found under the section on heterothallisrn and incornpatibilit • 
It is evident that different techniques or other environ-
mental factors affect the growth of the fungus in culture an 
account for the considerable differences in vigor, quantity, nd 
appearance of the various types of reproductive structures. 
Basic authority for measurements of structures described in 
the pre·ceding five paragraphs is May and Gravatt, (1931). 
Development in and ~ffect Upon the Host 
The reproductive bodies, the spores, are unable to ente 
the living tree through the healthy, uninjured bark. It has 
been shown that they gain entrance through the bite.s of cer-
tain insects (May and Gravatt, 1931). Once the spores have 
gained entrance, they germinate, and proceed to send their 
slender, microscopic thread-like filaments into the sa.p-wood 
of the elm twig or branch next the bark. The effect on the 
attacked arts is an imrne 
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The activity is like that of other fungi causing wilts of elm1 
maples, the Tree-of-Heaven, and others. It invades the con-
ducting tissues known as fibro-vascular bundles. A gummy sub~ 
stance, which is brownish in color and important in the recog j 
nition of the disease, is produced. According to Welch, 
Herrick, and Curtis (1934), the activity of the fungus 
causes the deposition of the brownish substance which clogs 
the water vessels and renders them useless to the tree. 
Ren~ Pomerleau (1944) .states that the organism produces a 
gummy substance that results in the death of the invaded 
branches "poisoned by the secretions of the p'ara.si tee". 
Many recent experiments show that a toxin or toxins produced 
by Ceratostomella ulmi are responsible for the characteristic 
stain. 
An experiment conducted by c. A. Thomas (1949) proved 
that Fusarium solani f. eumartii (Carp.) Snyder and Hansen 
produced a substance that induced wilt and stem-end rot dis-
ease of the potato. The substances produced in culture filt .. 
rates were described as being non-dialyzable, not filtrable 
through bacterial filters, soluble in water, and relatively 
soluble in several organic solvents. The "wilting appeared 
to be caused by a condition brought about in the basal part 
of the cut stem, possibly a physical blocking" (Thomas, 1949) 
This appears to resemble an effect of the toxin of Dutch elm 
disease fungus on elm. 
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An experiment by Peter Ark and William A. Feder (1950) demonJ 
strates that a polysaccharide-lipide complex of Agrobacteriu ·. 
tumefaciens, Xanthomonas phaseoli, and Erwinia. carotovora 
could induce wilt in cuttings of a .. number of plant species. 
Albert E. Dimond (194?) has proven by experiment that 
Ceratostomella ulmi produces a.t least two metabolites toxic 
to elm and to tomato cuttings. Each toxin produces symptoms 
typical of a part of the syndrome of Dutch elm disease. One 
fraction, a polysaccharide, produces an upcurling of leafletf 
and lea.ves with marginal withering of the bla.des (but no 
necrosis) in both elm and tomato. The other fraction pro-
duces a striking interveinal necrosis on tomato a.nd elm. 
Other pathologists, among them George A. Zentmyer, E. M. 
Stoddard, and James G. Horsfall (Stoddard and Zentmyer, 1943; 
Zentmyer, 1942; Zentmyer and Horsfall, 1941), have isolated ~nd 
studied the behaviour of the toxins produced by c. ulmi. 
Authorities agree that there is a definite relationship 
between the amount of new spring growth, with its great devel-
opment of large water-conducting vessels, and the rate of in-
vasion of the host by the pathogen (Zentmyer, Horsfall, and 
Wallace, 1946). Inoculations on branches of young trees 
proved that the fungus spreads from one part of the crown to 
another in the water-conducting vessels of the current year' E 
growth. The fungus ma.y move upward at an average rate of 
eight inches a day (W~y, 1934), but this is thought to be duE 
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not to simple mycelial growth, but to free spores travelling 
in the large wa.ter-conducting vessels. A study of serial 
cultures of diseased bra.nches reveals a discontinuous dis-
tribution of fungus in the wood; and the spores are -distrib-
uted freely and with amazing speed within the conducting 
vessels by the movement of the sap (Banfield, 1937). The 
hyphae pass from one vessel to another (May, 1934). The 
mycelium grows abundantly in . the tracheids, wood pa.renchyma, 
fibers, and wood rays of inoculated trees, but in naturally 
infected trees it was found only in the tracheids. The 
current season's growth sheath may be la.rgely and rapidly 
inv~:tded. In sterilized, inoculated wood, according to Ban-
field and Smith (1936), even the lumina. of the ra.y pa.ren-
chyma are commonly choked by hypha.e. Conidia are produced 
in the lumina of ma.ny fiber or ray parenchyma. vessels. Some 
cells are choked by the spores from the yeast-like multi-
plication of the conidia. The fungus is intra-cellular and 
appears to pass from cell to cell of the vessels known as 
tracheae (tracheids), through the numerous pits (May, Liming 
and Alexander, 1931). 
Once introduced, the fungus spreads rapidly into the 
sur~ounding tissues and kills the tree in three or four years. 
A tree may be killed in a single season, but it usually per-
sists for several years. The typica.l brown eta ins will 
appear in each succeeding year's growth rings until the tree 
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finally succumbs. The ring nearest the center indicates the 
probable date of earliest infection since the disease spread . 
ma.inly through each year's spring water-tube growth. If a 
tree is young and vigorous, it may outgrow the parasite, 
laying down woody, protective tissue and effectively sealing 
its enemy inside and a.way from the water-tubes necessary to 
its continued growth. Should the tree later be injured or 
killed, it might serve as a source of inoculum for other 
trees, since the ps.rs.site appears to remain viable for pro-
tracted periods of time. 
If the tree succumbs to the attacks of the pathogen, 
the fungus then grows through the wood as a saprophyte and 
produces immense numbers of spores on the inner surface of 
the bark and on the outer surfa.ce of the wood. Beetles in-
fest the dying and the dea.d wood and carry the spores of the 
fungus, with which they inoculate other living trees. If it 
were not for the attacks of these beetles and the damage don 
by them and their larvae, many heal thy and vigorously growin _I 
elms could survive the invasion by the pathogen. 
Concerning the Races of Cera.tostomella. ulmi 
The information conta.ined in the following paragraph is 
based on a study of Gwynne-Vaughan and Barnes (1937). 
Incompatibility and heterothallism is normal in this 
strange fungus. Endogamy is prevented by self-incompatibil-
ity. Vegetative thalli are divided into severe.l strains, 
44 
each stra.in, though it may bear gametangia, can seldom 
fruit alone. When two compatible strains meet, their nuclei 
become associated and the sporophytes are formed. Some 
strains are self-sterile, sexual forms arising only when two 
appropriate thalli are together. No difference in form of 
the thalli is apparent, hence they are described as plus 
or minus, since no difference in sex can be determined. This 
is a behaviour in the species that prevents inbreeding in a 
monoecious form. 
In the United States investigating pathologists did not 
at first find perithecia growing in or on diseased trees in 
nature. Walter (1939) reported this fact in 1939, but Shafer 
a.nd Liming (1950) stated that they ha.d discovered and collect-
ed the perithecia on naturally infected elm in New Jersey and 
in Colorado. The importance of the perithecia in the life 
history of the fungus was recognized, with the result that a 
number of studies have been made both on this subject and also 
on the subject of races or strains of Q. £1m! to be found 
in the United States. Culturally distinct races of the 
pathogen originate as sector variants in mass isolates. 
Tyler and Parker (1945b.) and Walter (1939) believe that 
such races may arise through the sexual process and not 
wholly by mutation, as first suggested by Swingle (1936). 
One race, which they named Ra.ce E, does not sporulate and is 
practica.lly non-pathogenic, and is hard to identify s.s being 
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a strain of Ceratostomella ulmi. 
Mr. Swingle (1936) reported on some of his studies of 
mass isolates and of about 2000 monoconidia.l isolates for the 
fonna.tion of perithecia. The monoconidial isolates do not fo 
perithecia, whereas crosses of some of them from different 
mass isolates did. Where an occasional monoconidial back-
cross from the mass isolate from which it was taken resulted 
in the production of perithecia, it was shown that the mass 
isolate contained both plus and minus races. Monoascospore 
isolates from perithecia which resulted from pairing mono-
conidial isolates produced the Graphium ulmi (imperfect) sta.g 
in culture. 
Asci observed by Mr. Swingle in the perithecia were hya-
line, clavate, tapering sharply to the point of atta chment 
and they measured 8.75-15 microns by 3.1-6.8 microns avere.gin 
10.9 microns by 5.36 microns at t h e widest part (Swingle, 193 1). 
The number of spores per ascus were not studied, but eight 
seemed to be the number. Morphological differences between 
the races could not be observed, hence they were distinguish-
ed as plus or minus according to their ability to produce 
perithecia. When crossed, the plus or minus cha racteristics 
of the parent cultures of monoascospore isolates either re-
mained unchanged, or else their ability to form perithecia 
when crossed with certain test isolates was lost, but the 
production of conidia remained unchanged. 
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Recently Shafer and Liming (1950) conducted a series of 
experiments on Ceratostomella ulmi types in relation to the 
development of perithecia. Some of their observations 
follow. 
(1) Isolatee from perithecia found· in nature fail 
to produce perithecia after a few months in 
the laboratory. 
(2) Twenty-eight type A failed from twelve states 
in 384 pairings. 
(3) Nine type B from Indianapolis, Indiana, failed 
in 46 pairings. 
(4) Only twenty-three failed to produce perithecia 
in cult ures of A crossed with B. 
(5) Eight isolates with type A characteristics 
produced perithecia 10 times in 265 pairings 
with type A isolates. 
(6) Four isolates, resembling type B, produce:d 
perithecia ten times in 73 pairings with type 
B isolates. 
(?) One isolate from Connecticut and one from Ohio 
produced perithecia in most instances when 
paired with type A and with type B isolates; 
but one of these isolates produced perithecia 
when not paired. 
(8) Two isolates, bisexual at first, later showed 
only type A characteristics. 
(9) Most type A isolates on potato-sucrose-agar 
produced typical colonies of Ceratostomella 
ulmi, whereas type B isolates tended to be 
atypical. 
(10) Type B conidiospores were largely within the 
lower limits of the range of sizes reported 
for type A spores. 
These observations demonstrate the characteristic in-
compatibility between different strains of Ceratostomella 
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~ and the characteristic variability within the several 
strains. 
48 
IV 
SYMPTOMS OF DUTCH ELM DISEASE 
External Symptoms 
It is almost impossible to diagnose a case of Dutch elm 
disease with certainty, because of the presence of two nativ 
diseases which produce similar external symptoms. One of 
these diseases is known as phlo~m necrosis, .and is caused by 
an elm virus prevalent in the Mid-west, but found in other 
parts of North America, also. It causes wilting and dying 
of the leaves and trees, but does not produce discoloration 
in the sap-wood. The second is Dothiorella ulmi, also found 
wherever elms grow in North America. Several of the Verti-
cillium species, for example Verticillium albo-atrum, affect 
elms, maples, the Tree-of-Heaven, and others, producing a 
wilt and die-back similar to that of Dutch elm disease. 
' 
Phlo~ necrosis and Dothiorella ulmi cause much damage among 
the elms, but cannot be compared with Dutch elm disease in 
importance. 
In Europe, where these diseases do not occur, field 1 
diagnosis of Dutch elm disease is practicable. Even so, con i 
fusing symptoms may occur, caused by mechanical and insect 
injuTies to the tree, by soil filling, gas poisoning, drough 
1 
or other unfavorable weather conditions, lack of proper 
nourishment, and certain diseases. 
worms, Japanese beetles, and any other leaf-eating insects 
49 
may cause leaves to appear wilted and may even cause them to 
fall, but closer inspection will reveal the holes and lace-
like appearance of the leaf made by the feeding of the in-
sects. In Europe, a bacterial organism has been Hescribed 
which causes brownish streaks in the sap-wood similar to 
those caused by Cerat.ostomella ulmi. 
EXtermal symptoms are as follows: (1) a wilting of 
the leaves, due to plugging of the large, water-conducting 
vessels by tyloses and resinous materials. 'Wilting may 
occur on some branches, and not on others, or it may be 
general. If wilting occurs early in summer, the leaves dr,y 
rapidly, turn brown, but remain attached. In August, they 
may turn yellow and drop. End leaves persist on affected 
twigs after the others have fallen and the tips of the dead 
twigs curl .up in characteristic manner--the Shepherd's Crook 
effect. (2) In early spring there is a late and sparse dev-
elopment of abnormally small leaves, dead leaf-buds may be 
present, and there may be few or no flower-buds. (3) Many 
branches may be dying, or dead, or there may be only one or 
two. Small, weak shoots may develop near the bases of the 
affected limbs producing a "stag-hom" effect. Twigs curve 
up at the tips and inward toward the center of the crown of 
the tree. (4) Brown streaks or spots appear in the outer 
wood rings of the twigs and under the bark of wilt-affected 
branches. They are easily seen when the twigs are out ob-
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liquely and may appear as short, broken, brown streaks where 
bark has been removed or where a . longitudinal cut has been 
made in the wood. The discoloration may appear in one or a 
part of one annual ring. The entire width of the ring may 
be dis·colored, or it may be limited to a narrow band in the 
spring wood, the summer wood, or both. It may appear in 
more than one annual ring, representing (some authorities 
claim) more than one infection, or a continuation of infec-
tion through a period of more than one year. The di.scolored 
rings may be separated by one or more normal rings. Any 
combination of discolored rings, streaks, and spots may be 
present. ( 5) There are no surface bark symptoms, but peel-
ing the bark will reveal the characteristic brown discolor-
ations, if such have been formed under the bark in the lates~ 
annual ring. However, if the tree has formed much summer 
wood, there may be no streaks showing, although they may 
actually be present in the spring wood. Streaks appear in 
the roots, the large branches, and in the twigs, yet they 
may be confined to a single branch. The discolorations can 
usually be found in the twigs and in the larger part of the 
tree, including roots. Discoloration may develop in the 
sap-wood to a great extent before external symptoms appear. 
Variability of symptoms is the rule: dwarfed, curled, 
or normal leaves may show wilting, yellowing, drying , · , 
or browning. ~eaves showing symptoms usually fall, but they 
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may be restored. Defoliated branches may die, or they may I 
leave out again. Symptoms increase as the summer progresses ! 
up until September, when defoliation in preparation for 
winter begins. Trees showing no symptoms may be infected or 
may be subject to some other disease. Infected trees may 
recover, yet the disease is able to remain alive in them for 
considerable periods of time. True and Slowata (1939) founcl l 
that efficiency of symptom sampling was at its maximum durin , 
the latter pa.rt of June and throughout July. 
Symptoms may be classed as being either of the acute 
type of Dutch elm disease or as being of the chronic type. 
If acute, the young leaves are seen to wilt first, then, ve 
rapidly, all the others wilt. Leaves may even dr,y and curl 
before turning completely brown, or they may dry and remain 
green. The leaves fall and are almost all gone in a few 
weeks. The tips of dead twigs curl in a typical- manner 
forming a characteristic crook. This is one of the most 
typical symptoms. The disease is likely to be more acute on 
succulent, rapidly growing trees than on either slowly grow-
ing or aged trees. 
In the chronic type the tree usually persists for sev-
eral years. There is a reduction in the protective value of 
the foliage, and in the rate of growth of the tree. Defoli-
ation is slow. Some branches show yellowed or wilted leaves 
called •flags", near the top, although they may appear any-
I 
where on the tree. Early dropping of the discolored leaves 
is common, and this early defoliation of the "flags" is one 
of the notable means of identification of the disease in the 
field. In the chronic type, gradual discoloration over the 
whole tree may occur, resembling premature autumn foliage 
coloring. Early defoliation results. In the spring, the 
affected trees may leave out late, or they may fail to dev-
elop leaves on some branches. The foliage may be sparse, 
yellowish-green (chlorotic), and anemic in appearance, and 
may drop prematurely during the summer. A weak growth of 
"suckers• may spring from the defoliated boughs, resulting 
in the symptomatic "sta.liorn" appearance. Annual growth 
may be reduced and there may be few new small branches, the 
tree presenting a weak, scanty, under-nourished, sickly 
appearance. 
The trees usually attacked by the fungus that causes thE 
Dutch elm disease are well-established trees, between the 
ages of fifteen and forty years, but both young and mature 
trees are often severely affected. 
Symptoms of the Dutch elm disease may be considered 
according to season (U. s. D. A. Seasonal Leaflet, 1947): 
{1) In spring and summer, yellowing, ·wilting, thinning, or 
dropping leaves are noteworthy. (2) In late summer and 
winter, dying and sucker growth, weak bud development, and 
dead leaves persisting in the terminals are indicative 
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characteristics. (3) Throughout the year, crooked twigs, 
curvature of smaller diseased branches, brown streaks in the 
wood, and discolored rings in twig cross-section are likely 
symptoms. 
When considering whether a tree has Dutch elm disease o 
not, · the presence of the elm bark beetles must not be over-
looked. Where limbs are dead and dying, these insects make 
their appearance to infest the bark. Their la.rvae are usual 
ly present in considerable abundance beneath the bark of re-
cently defoliated trees. Later, the bark dries out and dies. 
As the insects infest the bark after invasion by the disease 
pathogen, rather than before, their presence may be thought 
of as an •accessory" symptom. outward signs of their pre-
sence are: (1) rust-coloJ;ed fra.ss in bark crevices; (2) 
characteristic beetle tunnels or engravings me.de between· 
bark and wood; (3) shot-gun patterns of small holes in the 
bark; and (4) freshly shredded and pecked bark, due to the 
activities of wood-peckers hunting the larvae for food (U. s. 
D. A. Seasonal Leaflet, 194?). 
Culture Techniques 
Because of the ma.ny variable and confusing symptoms, th 
only reliable way of determining Dutch elm disease is by the 
laboratory culture and by microscopic study of the fructifi-
cations. Such tremendous numbers of specimens are sent to 
the la.bora.tories to be tested , that it has been necessary to 
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develop special techniques in order to handle them all 
quickly and efficiently and to identify them accurately as 
to whether they are infected with the pathogenic fungus or 
not. 
Fate, Leaton, Dike, and Liming (1947), working in Ohio, 
discovered that for testing diseased living parts of trees, 
a culture developed on a simplified potato-sucrose agar 
medium, maintained for three days at 50 degrees Fahrenheit 
and then for three days at room temperature, produced good 
results. For dead wood and bark material~, they used a -.et 
plate" technique, employing excess water and a low incubation 
tempera.ture for twenty-one days, and then room temperature 
for three days. They found that the low temperature 
suppressed the growth of most other organisms while Cerato-
stomella ulmi was developing. The warm-up period, during 
which the corernia mature, is an important step in their 
technique. By use of antiseptic solutions, upward air cur-
rents, and low temperature incubation, laboratory contamina-
tions are controlled. 
In 1944, at the time of the discovery of the presence of ' 
Dutch elm disease in Canada, the Canadian labora.tor.y tech-
nicians were using the potato-sucrose agar method (Pomerleau, 
1945b.). After 10 or 15 days the cultures were examined to 
determine what organism or organisms they conta.ined. The 
Wet-Plate Method could not be used, because Canadian labor-
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atories lacked the necessary refrigeration equipment needed 
to maintain the cultures at the required temperatures (50-60 
. . . . 
degrees Fahrenheit) during the 10 days or so needed. It may 
well be that the presence of the disease in Canada would not 
have remained undetected for such a long time (about ten 
years) had Canadian technicians received in advance, proper 
training in the techniques and methods used to identify the 
disease, and had their labora.tories been supplied with up-to 
' ' 
date and needed equipment! By 1946 they had their equipment, 
and Renb Pomerleau, the Director, wa.s able to include in the 
1946 Rapport Gbnbre.l (Pomerleau, 1946) the following state-
ment. 
"Far ce procedb (Wet-Plate Method) mis aux Eta.ts-Unis, 
on peut d~celer !'existence du champignons de la 
me.ladie hollandaise dans des · enchantillons qui ne 
peuvent servir ~ ensemencer des cultures ordinaires." 
A letter from Mr. Malcolm A. McKenzie (1950), Director 
of work done at the Shade Tree Laboratories at Amherst, 
Massachusetts, briefly describes the laboratory tests which 
are used there for the identification of Dutch elm disease. 
The tests are made from twig samples of standard measure-
ments, that is, about 6 inches long and t inch in diameter. 
The twigs are ta..ken from parts of trees on which the leaves 
have wilted or where other disease symptoms are present. 
"The surface of the twig · is sterilized with alco-
hol, and the bark peeled from one end of the twig. 
Chips are cut from the peeled section of the twig 
and planted in artificial culture media. After 
5-5 days incuba.tion, the causal fungus can be 
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identified in the pla.tes where chips were planted. 
"The wet plate method as used by us employs wood~ 
usually galleries of elm bark beetles. The wood 
sections are cut to size that will fit 100 mm~ by 
15 mm. petri dishes. · The .dishes are incubated 
at 50 degrees to 60 degrees F •. The fungus may 
be isolated after 10 days by · transplanting approp-
riate fungus growth from wood directly into petri 
dishes containing agar." 
The basis for identifying Ceratostomella., ulmi on pota-
to-sucrose agar lies in the type of colony growth, which is 
. . 
zonate, and in the developing conidiophores and young spores ! 
The coremia develop on the wood plantings, but seldom on the 
agar. The colony types formed by Verticillium and Cephalo-
sporium isolations are different from those formed by the 
Dutch elm disease fungus. 
In the wet plate cultures, the coremia. of Ceratostomell ~ 
ulmi have translucent white heads, which may droop over the 
stalks. When exposed to dry air, the coremia heads develop 
surface striations. Six other Graphium species (Fenner and 
Liming, 194?) may develop on these wet plate cultures, but 
their stalk and head characteristics are different. 
Several saprophytes and air contaminants may over-run 
and mask the mycelium and coremia of Ceratostomella ulmi. 
Effects on the growth of the fungus vary. Dothiorella ulmi 
and Cytospora limit growth, while Sphaeropsis ulmi and a 
Dematium favor development of coremial forma,tion in Cers.to-
stornella ulmi (Fenner and Liming, 194?). 
If an elm tree appears to be diseased, its owner may 
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send samples to the Federal Dutch Elm Disease Identification 
La.bora.tory, Bureau of Entomology and Plant Quarantine, 503 
Main St.; East Ora .. nge, New Jersey; or he ma.y send them to hi 
state la.boratory, provided it does this kind of work. Most 
of the states in the Dutch elm disease zone are equipped for 
and have labora.tories devoted wholly to this kind of work. 
However, certain precautions should be taken in the selectio , 
preparation, and mailing of specimens to be submitted. The 
following directions are ta.ken from one or a.nother of these 
authorities: Walter, May, and Collins, 1943; University of 
Massachusetts, 1947; and McKenzie, 1950; U.S.D.A., 1947b •• 
{1) A selection of several good specimens should be 
· made. 
(2) Since Dutch elm disease may not be present in all 
parts of a diseased tree, care should be taken that the 
specimens come from a diseased portion. 
{3) The fungus dies out rapidly in dead or dry wood, 
and it ma.y not survive in wood inva.ded by decay organisms, 
therefore, the specimens should be taken preferably from 
living parts, otherwise from parts that a.re only recently 
dead. 
( 4) Because the fungus ma.y occur very spa.rsely in dis-
colored wood and in only a few of many hundreds of the bark 
beetle galleries, specimens should be taken from all pa.rts 
of symptomatic or bark beetle infested elm. 
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( 5) If twigs are being sent in, they should show chars.c-
teristic discoloration in the cut ends or under the bark. 
They should be about ? inches long and from t to 1 inch in 
diameter. Six samples, preferably green, should be taken 
from different parts of the tree. 
(6) If a trunk sample is sent, it should be 7 inches 
long, about 2 inches wide, and 1 inch thick. Outer, loose 
bark should be trimmed off. Three of these slabs should be 
included. Large elms often reach 30 or 40 feet before 
branching, and twigs and small branches rna.y be beyond reach 
of the layman desiring to submit samples for diagnosis. 
W. E. Ahrens (1941) reports that trunk sampling, although not 
the most satisfactory method, is quite efficient. He consid-
ers it an excellent supplementary method when large terri-
tories are to be scouted for the purpose of identification 
of diseased trees. 
(7) If sending in samples of bark beetle galleries, takE 
fifty »·ie~e:fii, tt.wer:~.-;Y:-f"ti·ve of bark and twenty-five of wood, 
each piece 3 inches square or smaller, and the fresher the 
wood and bark, the better. The loose ba.rk should be trimmed 
off. 
(8) The different samples should be bound firmly togeth-
er .with cord, a rubber band, or some other suitable device, 
and each lot tagged and marked with adequate identification 
data. 
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{9) All of the bundles should then be wra.pped in a suit 
able container (a strong paper bag is recommended), bound 
securely, and marked by a shipping tag. 
(10) A letter should accompany the package, giving the 
location of the tree, and the name and mailing address of 
the sender. 
A positive report means that the disease organism has 
been found to exist in the material cultured, and that the 
tree from which the samples were taken is diseased; but a 
negative report must not be considered proof that the tree 
is not diseased. 
It is the policy of the United States laboratory to 
report the results to the individual submitting the speci-
mens. It takes about two weeks for a report on trunk and 
identification of diseased trees is a necessary first . step 
in the control and possible eradication of the Dutch elm 
disease. 
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How· THE CAUSAL AGENT IS SPREAD 
Scolytus mul tist riatus Marsh. 
Authorities agree that the European immigrant, Scolytus 
multistriatus Marsh. is by far the most important vector of 
the causal a.gent of Dutch elm disea.se in the United States. 
Hylurgopinus rufipes Eich., the native bark beetle, and othe 
insects ma.y also transmit the disease. In fact, the na.tive 
bark beetle is the important carrier in canada, where Scoly-
tus multistriatus has not yet a,ppeared. 'l'here, the native 
beetle seems to be a thoroughly efficient disseminator of 
the deadly elm disease. 
The Scolytidae, a family belonging to the Coleoptera, 
contain many bark-boring insects, some of which attack the 
conifers, and some the deciduous trees. S. multistriatus, 
a native European species, feeds exclusively on elm, and in 
Europe, according to J. W. Chapman ( 1910), occurs on elm 
trees living in a symbiotic fashion with Scolytus geoffro~i, 
Goetze. Scolytus geoffroyi Goetze is probably the beetle 
now referred to as Scolytus ~colytus Fabr. the larger Euro-
pean bark beetle which is morfa.maging than S. multistriatus. 
In Europe both are vectors of the fungus that causes Dutch 
elm disease, but, so far as is known, the larger elm bark 
beetle has not gained entrance into North America, so as to 
become established, although it has been found in elm logs 
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imported from Europe (Welch, Herrick, and Curtis, 1934). 
The smaller elm bark beetle, §. multistriatus, was 
found in Cambridge in 1909, and it was impossible to deter-
mine just when and how it had gained entrance into this 
country, but the beetle population was very large and quite 
wide-spread, indicating that it ·had become established sev-
eral years earlier. Chapman (1910) observed that a native 
scolytid, Hylesinus opaculus Lee., which lived only in dead 
wood, had come to assume somewhat the same relationship to 
s. multistriatu_!! in this country that s. multistriatus ha.d 
to s. geoffroyi in Europe. Judging from a description of it 
appearance, an account of its habits, and illustrations, thi 
native beetle must be the one now known as Evlurgopinus 
rufipes Eich., which will attack living elm wood. 
In Europe Scolytus multistriatus was considered 
not only an important vector of Dutch elm disease, but also 
harmful to the tree, in that it destroyed foliage and young 
twigs in sufficient amounts to weaken and even to kill a 
tree (Chapman, 1910). A careful study by E. P. Felt ( 19 33) 
brought out the fact that in America, at least, the chief 
danger from this beetle lies in its ability to spread spores 
of the Dutch elm disease causal agent. Mr. Felt wrote in 
another article on the subject (1935) that the beetle limite 
its attacks very closely, if not wholly, to sickly and dying 
trees or parts of trees. "Consequently it is not a dangerou~ 
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shade tree insect in its own right". What would happen shou d 
the beetle suddenly be provided with plenty of breeding mat-
erial, but insufficient live or sickly elms for the spring 
and mid-summer feedings necessary if the females are to ovi-
posit'? Investigations by other men show that the feedings 
on twigs always precede ; the making of the brood galleries 
(Kaston and Riggs, 1938). A tremendous beetle population 
might arise under certain conditions a.nd these beetles might, 
through their feeding, denude, weaken, and even destroy elm 
trees. 
How different might the history of Dutch elm disease in 
this country have been had Cha,pman' s voice (1910) been heard 
and heeded: 
"If property owners would acquaint themselves with 
this fact, and of the mischief thus caused both to 
their own trees and to those of the neighborhood, 
they would undoubtedly take immediate steps to 
have the bark removed. All dead trees and old 
trunks with loose bark- should have it removed and 
burned by the first of May, 1910, at the very lat-
est. This will prevent thousands of these beetles 
from flying to other healthy trees, and thus be 
the means of protectigg them from the attacks of 
the beetle." 
The beetle undoubtedly gained entrance into this coun-
try through one or several of the ports where burl elm logs 
from Europe, intended for use in fine veneer work in furni-
ture factories, were unloaded. A survey made in 1933 reveal 
ed that the beetle existed in three rather large, distin~t I 
areas around the cities of Boston, New York, and Philadelphia, 
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and was without doubt introduced into the United States at 
these ports (McKenzie a.nd Becker, 193?). In any case, by 
1934 it had become established in Massachusetts, Pennsylvani~, 
New Jersey, New York, and Connecticut. 
The beetle is from 2.5 to 3 mm. long. The female is 
larger than the male. It is shiny in appearance. The fore 
part of its body (head and thorax) is black, while the elytn 
are dark, reddish brown. The ventral side of the abdomen 
slopes abruptly upward toward the rear and has a spine-like 
projection near the lower edge (McKenzie and Becker, 193?). 
The egg is globular, shining, and pearly white. The grub is 
white, is without legs, has a brown head, and is about 3mm. 
long when full-grown. When in a natural position, the body 
of the grub, or larva, is more or less curved. The pupa is 
about the size of the adult, but is white. 
Normally, the beetle has two broods a year in New York. 
The adults appear in May, feeding on young leaves and twigs. 
In late May and early June the eggs which will develop into 
the second generation are laid in the brood galleries, excav l 
ated for the most part in sickly and dying elms. The beetlel 
bore small holes through the bark to the sap-wood, and each 
gallery they make is from 2.5 to 5 ern. long, and is construc ' -
ed longitudinally along the trunk, partly in the sap-wood anc 
partly in the inner bark. Copulation between male and femal 
occurs at the entrance to the tunnel. The eggs, eighty to 
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one hundred and forty in number, are deposited in niches a-
long the sides of the maternal gallery. The larvae hatch an 
begin their mining, forming on the sap-wood a characteristic 
engraving. The larvae pass through several instars and 
finally emerge as adults by way of small shot-like holes the 
make in the bark. A reddish sawdust is left on the bark out 
side the holes. The second generation adults probably lay 
eggs late in August and early in September, the larvae pass-
ing the winter under the bark to become the adults of the ne1t 
season's first generation in the spring. Growth of the larv le 
and adult development is completed when warm weather comes. 
Adults continue to emerge during the warm months and 
these give rise to part of the next season's first generatio • 
]jggs laid during the spring and early summer in New Jersey 
(Jones, 1939) develop int.o a.dul ts the same season and these 
adults lay eggs late in the summer or early in the fall whic 
produce the over-wintering larvae • 
.Among the natural checks or enemies of S. multistriatus 
we find various other insects. Notable among these are cer-
Spathius canadensis Ashm., 
1 (Pechuman, 
ts;in hymenopterous parasites: 
Entedon leucogramma Rat z. , and Cheiropachys colon . 
I 
1939). The beetles are subject to certain fungous diseases. 
Notable enemies among the birds are the sapsuckers and wood-
peekers. Among natural checks we find that unusually low 
temperatures in winter destroy large numbers of over-winter-
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ing larvae. It is quite likely tha.t unfavorable heat and 
moisture conditions of certain summer seasons may decimate 
their numbers. They may serve as a check on themselves 
wherever the competition for food has become too keen due to 
the presence of too many of their own larvae. Then, too, thE 
larvae of other bark boring beetles may compete with them 
successfully for food. Such competitors may be the larvae 
of Rylurgopinus rufipes, Saperda tridentata, and Magdalis 
armicollis. 
Rylurgopinus rufipes Eich. 
This member of the Coleoptera is not considered import-
ant as a transmitter of the Dutch elm disease orga.nisrn in th~ 
United States. The beetle is widely distributed in North 
America and has been found throughout most of the range of t~e 
American elm (McKenzie and Becker, 193?). However, as a. re-
sult of investigations by Ce.nadian authorities under the 
leadership of Ren~ Pomerleau (194?), it is now known to be 
the most important carrier of the disease in Canada. It 
would be well, therefore, to give some time to an investiga-
tion of its life history and habits in the United States. 
In 1944, Dutch elm disease was discovered at St-Ours in 
the province of ~uebec. The European bark beetle, s. multi-
striatus had not been discovered in the region (nor has it 
yet, so far as is known, b.ecome established anywhere in 
Canada). However, an examination of great numbers of trees 
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dead and dying of the disease during the winter of 1945 re-
vealed that a large population of Hylurgopinus rufipes, the 
native bark beetle, existed. This insect appeared to be the 
only one that could be responsible for such wide-spread 
sickness among the trees. Subsequent studies proved that 
although this insect is considered an ineffective carrier in 
the United States, it i:s the most important vector in Canada 
(Pomerleau, 1945a .. , 1945b., 1946, and 194?). 
It seems that the United States investigators have over 
looked the native bark beetle, possibly because the activiti ls 
of the introduced smaller European elm bark beetle have quit · 
overshadowed those of the former. 
For some ten years before the outbreak in Canada was 
discovered, samples from dying elms had been tested in Cana-
dian laboratories for the presence of the Dutch elm disease 
fungus, and samples had been sent to the United States Re-
search Laboratories at Morristown, New Jersey, for similar 
testing. Canadian authorities were on the lookout lest the 
disease gain entrance into Canada from the United States 
where the disease was already well established. They lacked 
experience, the trained personnel, and knowledge of tech-
niques in order to be sure of their own diagnoses. However, 
reports from the Morristown Laboratories were consistently 
negative. Cause of death was given as being due to certain 
wilt diseases (Verticillium spp.) or to Diosporium sp. since 
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only these fungi were isolated from the samples. The elms 
continued to die at an alanning rate. Finally the Canadian 
laboratories isolated from a diseased elm sample a white 
fungus which they were certain was the causal agent of the 
Dutch elm disease. The United States corroborated their 
diagnosis, and immediately in the autumn of that year (1944) 
the Canadian authorities began an extensive survey to dis-
cover how grea.t was the infestation, and what were the 
possibilities of complete eradication. 
They discovered that the diseased trees existed over a 
very wide territory, and tha.t the disease must have been 
present in Q,uebec for a considerable period of time. 
In a report on major shade tree insects of 1940 (Felt 
and Bromley, 1941), Hylurgopinus rufipes is listed as being 
common usually on sickly and dying trees. However, they 
describe a severe and sudden infestation of these beetles in 
Hanover, New Hampshire, which they thought was due to the 
after effects of the 1938 hurrica.ne, where countless numbers 
of felled trees, dying, provided breeding places for hordes 
of the beetles. The number of beetles and grubs, issuing as 
adults from late J"uly through September, caused wilting and 
browning of the folia.ge. In other areas, for example, Wood-
stock, the unexplained dying of elms during recent years 
suggests a repetition of what happened a.t F..a.nover. Live 
trees, thus attacked, are weakened and fall easy prey to 
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several common elm diseases. D,ying, they provide excellent 
breeding grounds for the bark beetles with the resultant in-
crease and spread of the insect in great numbers. The fact 
that no such cases have been reported in Massachusetts and 
Connecticut may be due to quicker hurricane clean-up. 
I seem to see a parallel between the accounts of large 
numbers of dying elms in and around Hanover and Woodstock, 
New Hampshire, and the same in and Bround Quebec. . The fell-
ing of trees by the hurricane is given as cause for the 
deaths of many elms in New Hampshire. Occurrence of para-
sitic Verticillium spp. and Diosporium sp. together with ad-
verse weather conditions were suggested as cause of the un-
usual number of sickly and dying elms in and about Quebec 
for the period of years preceding the identification of the 
Dutch elm disease fungus as the r eal cause. Dead and dying 
trees provide for a very large population of native bark 
beetles, and notable among these was H. rufipes in Canada. 
Population pressure results in excessive feeding on living 
parts of the trees to an extent that injury and even death 
may result. I<"..a.:ston a.nd Riggs {1938) write that in the lab-
oratory H. rufipes prefers freshly cut logs (those provided 
were 3-6 inches in diameter}, but will feed on fresh twigs 
when only fresh twigs are available. Perhaps the Dutch elm 
disease became widely spread through ~uebec as a result of 
some such unfortunate series of events as described in this 
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and preceding paragraphs. 
Hylurgopinus rufipes Eich. is about the same size as 
the European elm bark beetle. It is a dull, uniform dark 
brown color, and it ls.cks the concave outline and the spine 
near the hind end of the under surface. The egg, la.rva, and 
pupa. closely resemble those of the smaller European elm bark 
beetle (Jones, 1939). Unlike the European beetle, it has a 
habit of constructing maternal galleries across the grain of 
the wood, and the galleries possess two branches or arms, 
leading from the entra.nce which is central (McKenzie and 
Becker, 1937). Egg niches are ma.de along both sides and 
later, larval galleries extend from these points (Becker, 
1935). 
Becker (1935) made some observations on the over-winter. 
ing habits of the American elm bark beetle, H. rufipes. 
The beetles spend the winter in short "hibernating" tunnels 
which they dig into the bark of seemingly healthy elm trees. 
The tunnels are about 1.5 ~~. wide and seldom more than 2 em 
long; some are straight and some are curved, and the directi n 
of the grain of the wood does not appear to affect the direc-
tion of the tunnel. If a tunnel penetrates through to the 
cambial region of the tree, sap flows, and forces out the 
beetle which must start another tunnel elsewhere. Most win-
ter tunnels are made near the ground level and are often 
found in the bark on exposed roots. Very few are to be foun< 
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in the upper parts of a tree, and these are limited to 
crotches 6f main trunks. Egg galleries are not observed on 
living trees. 
About mid-September the adult beetles begin to attack 
living trees to make over-wintering tunnels, a.nd by the firs 
week in November they are in their winter quarters. About 
the middle of May, perhaps earlier, they begin to emerge and 
feed. Toward the end of May they seek suitable breeding 
material, and engage in the construction of egg galleries. 
Eggs are laid from the latter part of May through June. 
Adults reared from these eggs begin emerging about August 1, 
reach the peak of emergence about August 20, and te"per off 
gradually. Becker (1935) writes that although no larvae 
have been found overwintering in Amherst, it is possible 
that early emerging adults might start a. second generation, 
and that such a second generation might pass the winter in 
the larval sta.ge. McKenzie -a.nd Becker (1937) report that in 
central Massachusetts this beetle has one complete generatio · 
and a partial second, and they suggest that farther south it 
may have two complete generations. 
Charles H. Martin of Cornell University prepared some 
field notes on the life history of H. rt.fipes (Aifartin, 1948) 
Briefly his findings are as follows: During the winter 
80-90% hibernate as a.dults, and the rest are in the larval 
stage. In May the hibernating adults emerge from hibernatio 
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and 1;3eek suitable bark in which to lay eggs. About mid-June 
the larvae from these appear. About the end of July and the 
first of August most of the larvae pupate. Most of the beet 
les from these pupae emerge towards the end of August, and 
apparently they seek hibernating quarters immediately. Thes~ 
findings agree closely with those of Mr. Becker. But Mr. 
Martin made additional ·observations on a Secondary Generatio ~ 
of beetles. 
Additional observations: The Secondary Population of 
beetles arises from both the !fuin Population and the Second-
ary Population itself. The number corning from each source 
probably varies with weather and with the extent of larval 
mortality. The sources of the Secondary Population are: 
(1) A few adults from eggs laid early in the season. 
They emerge in July of the same year. 
{2) Some of these adults lay eggs which hatch too 
late in the season for the larva.e to become 
adults until the following summer. 
(3) The adults from the:se late larvae give ri:se 
to adults the second summer a.fter the first 
adults (from (1)) had emerged. 
{4) Eggs hatching after July lOth, if the con-
di tiona are favorable, may survive to become 
adults the following summer. 
(5) The larvae from eggs of such surviving adults do 
not become a.dults until the summer following the 
emergence of the adults from (4). 
(6) Some larvae of the main population enter a dia-
pause in which they remain for one or even two 
winters. 
(7) Larvae from the eggs of the adults of such a 
diapause would not become adults until the 
'12 
summer following the emergence of adults 
from (6). 
Thus, the adults which make their appearance during the 
summer must have overwintered as larvae--w1· th the exception 
of those that developed from early spring eggs. Old Mother 
Nature seems to have provided this insect with excellent 
insurance against race extinction! 
Mr. Martin's studies covered a period of three years. 
Among other things he reported natural mortality as being 
due to predators, natural parasites, and adverse conditions 
of the log in which the eggs were laid. The greatest mor-
tality appeared to be due to adverse conditions in the logs 
used for rearing the young. He found that the average num-
ber of eggs per tunnel in certain cuttings was 56.1 eggs, ye 
only 3. 6 adults emerged per tunnel. Hee.t and dryness were 
the two main controlling factors of this environment. Gom-
petition with older larvae of H. rufipes or with the larvae 
of Saperda tridentata often interfered with survival of the 
second generation larvae. Woodpeckers and sapsuckers act 
as predators, and the hymenopterous parasi tej Spathius 
canadensis Say as well as the coleopterous predator, Enocler 
!!.§. nigripes Say, destroy la_rge numbers of Hylurgopinus rufiP .· s. 
( Pechurnan, 1939). 
Scolytus sulcatus Lee. 
In 1868 Scolytus sulcatus was described by LeConte, who 
had obtained a single specimen from ".N ew York". Since that 
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time occasional reports have been made by other entomologistE, 
but, until recently, little research work has been done on 
this beetle, its life history, and habits. In 1934 Dr. M. w. 
Blackman listed the species as having been ta.ken from local-
ities in New York, New Jersey, and Connecticut, and he also 
reported that W. D. Buchanan had collected it from elm in 
1933 at Chatham, New Jersey (Pechuma.n, 1938). Mr. Buchanan 
( 1940a.) reported in 1940 that it existed in parts of New 
York, Connecticut, a.nd New Jersey. In 1935, Professor Headic 
of Cornell University observed a single specimen feeding in a 
twig crotch of elm in Westchester County, ~ ew York. Since 
that time, Scolytus sulcatus has been found to be abundant ir. 
certain areas in the Dutch elm disease zone. It will breed 
on both apple and elm (Pechuman, 1938). Hence the interest 
of all concerned in the control of Dutch elm disease in the 
problem: Can S. sulcatus LeC. transmit the causal e.gent of 
Dutch elm disease"? 
There is some disagreement as to where this beetle orig-
inated. The fact that it is concentra.ted in southeastern .N e-v~ 
York would indicate that it is an introduced insect. Dr. M. 
w. Blackman considers it to be a distinct and native species; 
but the insect does bear a decided resemblance to Scolytus 
mali Bechst., a European insect, both in structure and in 
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habits, and Dr. K. G. Blair of the Brit ish :Museum of 1-Jatural 
History thinks S. sulcatus and s. mali e.re the same , (Pechumai"J > 1938~ 
Observations on the hosts of the insect made by Blackman, 
Dietrich, and Pechuman (Pechurnan, 1938 and 1943) all agree 
on the elm as being one of the several host trees. Dr. Hen~ 
Dietrich includes apple; Dr. Blackman, both a.pple and plum; 
Pechurnan, elm, both felled and living, and apple. Apple 
seems to be the fa.vorite host in nature, but the insect will 
attack elm as readily under experimental conditions. w. D. 
Buchanan (1940a.) states as a result of hie studies on this 
insect, that apple is proba.bly the usual host, but that the 
insect will breed in elm, plum, peach, and mountain ash. 
Since apple seems to be the favorite host, the reasons 
for the appearance of the beetles on elms in Westchester 
County are of interest. The phenomenon ia explained as bein1 
due to a series of severe winters which killed many apple 
trees (the winters of 1933--1935), thus providing abundance 
of breeding material, while a t the same time limiting the 
number of live apple trees for feeding. As in the case of 
H. rufipes, the enorrnou,s nu.."llber of beetles spread out to use 
whatever food supplies were available among the second choicE 
host plants. Thus the elms were attacked. 
Seolytus sulcatus may be a potential fruit pest. In 
June, 1940, L. L. Pechurnan observed that a sweet cherry 
orchard at Pekin, Niagara County, New York, had been severe-
ly damaged. Leaf-spur and frui t- spur leaves were wilting am 
browning, due to injury caused by these beetles which were 
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feeding in the crotch between twig and spur. Investigations 
revealed that the source of beetle infestation was a pile of 
apple, sweet cherry, and prune wood a t t he edge of the orch-
ard (:Pechuman, 1943). In 1941-1942, other less serious 
attacks were observed, but in all cases, the source of in-
festation coul d be traced to wood-piles. 
The life history resembles that of eylurgopinus rufipes 
Emergence begins late in May in southeastern New York, the 
peak of emergence being the first week in June. Males emerg~ 
first, and sometimes only males appear for several days, but 
at the latter end of this period only females appear, so tha~ 
the numbers belonging to each sex are about equal. The adul~s 
are able to live for several weeks after emergence. Before 
egg-laying starts, there is a lengthy period of feeding. 
The beetles feed on twigs of elm and apple, and make "trial" 
tunnels in the host tree. The feeding wounds are on the 
sides of the twigs, as well as in the crotches, and are us-
ually broad and shallow. Several beetles may congregate to 
feed at one spot making a broad wound. The "trial" tunnels 
are short, a nd most of them are in the bark, but some may 
reach the cambium. The twig feeding is apparently of great-
er importance when considering this insect as a possible 
vector of Dutch elm disease spores. Pechuman (1938) differ-
entiates between the kinds of tunnels made in the bark: 
true feeding tunnels; and "trial" tunnels constructed for 
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egg galleries, and in which the female lays a few eggs be-
fore deserting the tunnel. She may make four or five such 
tunnels. .§. multistriatus may do the same, but not so com-
monly. 
Apparently the male does not assist in the making of the 
tunnels, which are of the simple, unbranched type, generally 
longer than those made by s. multistriatus. The eggs are 
laid in niches along the wall of the maternal tunnel, and 
average 40-6Q per tunnel. They hatch in from five to ten 
days depending on tempera.ture, a nd the larvae tunnel between 
the bark and the wood, passing through several larval instar~. 
From the end of July until mid-September, larvae, which 
attain a length of 5-8 mm., construct cells which are from 
10-20 mm. deep in the wood at the end of their long, mea n-
dering galleries. Most of the larvae pass the winter in 
their cells. Some fonn no cells, but pupate and emerge the 
same season and some may overwinter as larvae and emerge a 
yea.r later than the other members of their colony. The lar-
vae hatching from eggs laid late in the season may also be-
have in this manner. 
During the first of May the larvae in their cells form 
prepupae and t hen pupae. The prepupal period lasts from 
five to eight days and the pupal period from ten to twenty 
days, depending upon the temperature. The adults remain in 
the pupal cell for several days attaining their normal color ! 
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shining black pronotum and dark, reddish-brown elytra. They 
then tunnel their way out usually going through the solid 
wood. There is no evidence that the beetle has more than on 
generation a yea.r. 
The woodpecker is listed as the most important natural 
enemy of Scolytus sulcatus. The beetle is controlled by 
competition for food with other tunneling insects: Saperda 
tridentata; Neoclytus accuminatus; X¥lotrechus colonus and 
other Cerambycidae. Hylurgopinus rufipes, Scolytus multi-
striatus, and the curculionids, Magdalis armicollis and Mag-
dalis barbita,also,compete with them for food. Chief com-
petitors with them for food supply in the host plant, apple, 
are the buprestid ' 1 Chrysobothris femorata and Scolytus rug- / 
ulosus. The beetles are doubtless also held in check by 
several insect predators and parasites important in the con-
trol of other species of bark boring beetles (Pechuman, 1938 . 
Predators and parasites, and woodpeckers are undoubtedly the 
most valuable controls, since they do not themselves injure 
the host plants. 
Other Possible Animal Vectors 
According to LaVerne LeRoy Pechuman ( 1939) the:re are 
two hundred and thirty-four species of insects found in the 
bark and wood of American elm (Ulmus americana L.). The 
most imports.nt pests are found in the Coleoptera, especially 
in the families Scolytidae, Curculionidae, Cerambycidae, and 
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Buprestidae. 
(a) Saperda tridentata Oliv. 
Sap erda tridentata Oliv., a member of the Cerambycidae, 
and probably the most injurious borer in the American elm, i , 
a beetle ~bout 13 rnm. long, grayish or fawn-colored, and ea.cJ 
wing cover is marked with three orange-red transverse obliquJ 
lines and an orange line nea r the edge. The larva is white, 
a little over 25 mm. in length, and it forms long, shallow 
burrows just under the bark. The larvae often girdle a tree 
The adult usually feeds on elm leaves before laying eggs in 
a shallow puncture in the bark (Tyler, Parker, and Pechuman, 
1939; Collins, 1941). s. tridentata prefers weakened trees 
and freshly cut logs for oviposition which takes place in Ma~ 
and June. The larvae tunnel at li~:ngth and reduce the inner 
bark and outer sap-wood to a powdery mass. In late summer 
and fall pupal cells are constructed in the wood, or between 
the bark and the wood, and pupae fonn the following spring. 
Before the female can oviposit, she must feed, and these 
beetles feed on elm twigs, leaf petioles and midribs. The 
rule is one generation a year, but some take two or three 
years to complete their development. 
Woodpeckers are important pre dators, especially of the 
larvae. Other important na.tural enemies are the hymenopter-
ous parasites, Capitonius saperdae Ashrn., Atanycolus ulmicola 
(Vier.), Heterospilus n. sp., and Xorides albopictus (Cress •. 
'19 
This list of natural enemies VIaS obtained f:rom Pechuman (193< ) • 
Collins (1941) reported that although Saperda had been 
made to transmit the disease organism in the laboratory by 
feeding on the midribs and veins of leaves or on other suc-
culent growth, the transmission resulted in extremely local-
ized infection. He considered Saperda to be an ineffective 
transmitter of Dutch elm disease. 
(b) Xylosandrus germanus (Blfd.) 
The Ambrosia beetle, Xylosandrus germanus (Blfd.), 
should be considered as a possible vector. Collins (1941) 
reported that C. S. Moses had conducted successful exper-
iments that indicated that, .since the insect is sometimes 
abundant, it could act as a carrier to scarred or otherwise 
injured elms when it is breeding in dead and diseased elm 
nea.r at hand. Buchanan (1940, 1941) reported, also, that 
under laboratory conditions these beetles could transmit the 
disease. 
Both Saperda tridentata and the Ambrosia beetles will 
use stumps of elm trees in which to breed. These stumps are 
often infected with Graphium ,~, the saprophytic stage of 
the causal agent of Dutch elm disease. 
(c) Magdalis barbita Say 
Magdalis barbita Say, the black elm snout-beetle, 
burrows beneath the bark, as does the closely related, red-
dish, more slender snout-beetle, Magdalis armicollis Say. 
It is possible that these curculionid beetles may spread the 
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spores of the fungus that causes Dutch elm disease, but al-
though regarded with suspicion, no case of Dutch elm disease 
has been traced to them. 
The adults are about 6 rnrn. long. The grubs resemble 
those of Scolytus multistriatus (Collins, 1941; McKenzie 
and Becker, 1937; and Welch, Herrick, and Curtis, 1934). 
(d) Mites 
The beetles, Scolytus multistriatus, are found with 
several species of tiny mites, which may be carried to new 
trees on the bodies of the beetles, a.nd thus be in a positior 
where, as they crawl about the elm bark, they may spread 
spores of the Dutch elm disease fungus (McKenzie and Becker, 
1937). However, nothing has been done to determine what role 
if any, these mites may have to play in the spread of the 
disease, because, after all; the major vectors are the beetles. 
Control the beetle and you control the mite (Middleton and 
Buchanan, 1935). 
(e) Conclusions 
The buffalo tree hopper, Ceresa bubalus Fabr. and sev-
eral other insects which attack elms are likewise suspected 
of being possible vectors. 
Woodpeckers feed on the larvae and ma.y at least be sus-
pected as potential carriers. Sapsuckers, because of their 
feeding habits could easily bear the fungus from tree to 
tree. I think that certain smaller birds, for example the 
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nut-hatches that run up and down the bark seeking small in-
sects for food, might possibly inoculate healthy trees with 
spores of the Dutch elm disease fungus. 
Little research work has been done on these animals which ' 
seem to be of minor importance, but which may possibly be 1 
vectors of the Dutch elm disease. Perhaps this research 
work is of little importance, since control measures used 
against pests of known major importance also act as control 
measures. against the pests of minor importance. The likeli-
hood that any of these animals will become of major importance! 
in the spread of the Dutch elm disease organism is quite 
remote. 
Methods of Dissemination 
Just how is the Dutch elm disease spread from diseased 
trees or other sources of infection to healthy trees? Because ' 
the apo.res are produced in masses held together by a slimy 
material or in flask-shaped bodies from which they come forth 
in a sticky mass, the wind cannot be a very eff·icient dis-
seminator. The frass of the elm bark beetles, however, con-
tains viable spores, and this matter becomes powdery at times 
and may be blown about by the wind. Such blown fragments may 
come in contact with wounds in a healthy tree, inoculating it 
with the spores contained in the frass. Even so, any serious 
or extensive infection by this method seems unlikely. 
The wind is, however, a very important agent in bring-
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ing about the sprea.d of the beetles over an ever widening 
ares. Ren~ Pomerleau (1945a.) observed that prevailing 
winds were from the west and south and the spread of the in-
fection due to insect drift was to the east and no r th. E. P 
Felt of the Bartlett Reses.rch Laboratories in Connecticut 
(1931 and 1939) worked on the problem of wind drift, using 
small hydrogen-filled balloons. The results were illumin-
ating. Whereas the insect seemed s.lways to spread slowly, 
seeking near-by feeding sites within five hundred feet of 
its place of emergence, and travelling not more than two 
miles when seeking suitable que .. rters for its breeding activ-
ities (Walter, May, and Collins, 1943), actually, in windy 
weather which frequently occurs at the breeding season of thE 
year, it could be carried by the wind for a distance of at 
least fourteen to twenty miles, a nd probably more, if Mr. 
Felt's observations are not only correct, but also correctly 
interpreted. He pointed out that many le~ rger and heavier 
insects, such a.a the Colorado potato beetle, have been col-
lected from the roofs of high buildings in the heart of a 
great city, far removed from natural feeding grounds. He 
mentioned remarkable flights of the cotton moth which appearf 
nearly every autumn in Connecticut in immense numbers, a 
movement of a.t least a thousand miles, and ma.ny of the moths 
arrive in apparently perfect condition. The mass movement 
northward of the Mexice.n bean beetle, and the occasional un-
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explained appearance of the leaf curling midge, Dasyneura 
mali Kieff, in remote orchards may be explained, he said, by 
wind drifts and air currents in the upper atmosphere, where 
speeds are much greeter and turbulence much less than in the 
lower atmosphere. In his 1939 article he wrote: "The dis-
covery of diseased trees in Broom a.nd Chenango Counties, New 
York, was forecast, in a way, by balloon returns from these 
areas in 193'7". 
In conclusion, insect drift and spread of disease are 
most definitely correla.ted and, as Curtis May (1934), E. P. 
Felt (1939), and Ren~ Pomerleau (1945a.) have observed, in 
this part of North America, the winds are prevailing south 
and west and the insect drift i s north and esst with a re-
sultant spread of Dutch elm disease in that direction. 
The smaller European bark beetle, Scolytus multistriatus, 
is considered the most important vector in the United States 
Proofs have been gathered f r om many sources as the result of 
many experiments a.nd observations. 
The beetle is known to exist a.s a mechanice.l carrier, 
the sticky spores clinging to the body of the beetle as it 
is emerging from its winter quarters. When these adults 
take flight to seek young and succulent elm twigs for their 
prenuptial feeding, they may inoculate a tree through the 
feeding wounds they make. 
Spores may live in the bodies of the larvae and in the 
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intestina.l tracts of the adults and they have been isols.ted 
from the pupal cells. The beetles do not serve as true 
intennediate hosts, in which the organism passes through a 
certain stage of its existence, but the fungus spores will 
survive in their bodies and can be spread as the wastes leav 
their bodies. 
Sickly and dying trees make excellent breeding places 
for the beetle, and in the dead and dying wood, conditions 
are admirable for the development of the saprophytic or 
Graphium stage of the parasite. Especially favorable for th 
growth of the organism are the maternal galleries of the 
insects. A kind of symbiotic relationship seems to exist 
between the beetles and the fungus, since each makes condi-
tions more fa.vorable for the other. 
Studies by J. G. Leach ( 194<A).. indicate that simile.r 
conditions exist between this beetle and other fungi: a 
species of Graphium, not parasitic, but resembling Graphiurn 
ulmi; a white Penicillium; a species of Fusarium; and one or 
more species of yeast. He writes: "These fungi are believe 
to pla.y an important role in the economy of the insect by 
crea~ting a micro-environment favorable for larval develop-
ment ". 
The fungus csnnot endure dryness. In fact, it does best 
where the relative humidity is nearly 100%, but the spores a I 
able to surviv·e low ternpera.tures, even over considerable 
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periods of time. Desiccation of spores will destroy them. 
(Moses and Hoffms.n, 1940). 
That mfmy different kinds of fungi are carried on the 
bodies of these insects or in their bodies is evident when 
one considers the technique that had to be developed in orde 
to isolate Ceratostomella ulmi spores from their intestinal 
tracts (Walter, May, and Collins, 1943). The agar plate 
method was unsatisfactory because colonies of Mucor, Asper-
gillus, Monilia, and Fusarium species quickly over-ran the 
plate. Washing the beetles did no good, nor did adjusting 
the pH factor, nor reducing sugar, nor changing the N base. 
Our investigators found that coremia of c. ulmi developed 
well and that other fungi ~tre checked if the beetles are 
crushed on sterilized chips cut from seasoned, debarked elm 
branches about three-eighths inches in dis . meter. Freshly 
cut wood was best. The chips had to be autocla.ved dry on 
two or three sheets of filter paper in Petri dishes. Steril 
water, sufficient to moisten both chips and filter paper, wa 
added shortly before the plates were to be used. For simila 
reasons, this method was good in isolating c. !!1:.!!!i from dead 
wood a.nd bark. 
Hylurgopinus rufipes, the native elm bark beetle, may 
spread Cera.tostomella. ulmi in several ways. Before the 
adults emerge in the spring they frequently chew inwa.rd from 
their cells in the . bark until they have touched wood, and, 
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if they are carrying spores of the fungus, may thus inoculate 
the tree (Walter, May, and Collins, 1943). 
McKenzie and Becker ( 193'7) proved in the labors.tory that 
the insect could transmit Dutch elm disease through feeding 
wounds on twigs. Becker (1949) made similar observations 
' 
but included the feeding tunnels in the bark of living trees 
as a possible locus of infection. 
The sa.prophytic stage may develop on any dying or dead 
elm wood, and both the native beetle and the smaller Euro-
pean bark beetle will breed in the bark of such msteria.l, be 
coming mechanical carriers of the spores which they then may 
spread to healthy trees. Kaston and Riggs (1938) noted that 
no feeding scars could be found on certain infected trees at 
Old Lyme, Connecticut, in 1934, but bark tunnels containing 
spores of Ceratostomella ulmi were found, indicating that 
the vector was probably H. rufipes. They made a simila.r ob-
servation for a single tree at Old Bra.nford in 1936. •No 
crotch or twig feeding scars could be seen, but bark tunnels 
were found." 
Ren~ Pomerleau's investigations (194'7) are of interest. 
Feeling certain that the native bark beetle must be the ma.j o 
vector of Dutch elm disease in Quebec, he made cultures from 
numberless ove~1intering tunnels, but obtained no c. ulmi 
from them. The following is taken roughly from his account. 
In 1946, in the vicinity of the towns of Berthierville and 
8'7 
Sorel, some thirty trees were cut and carefully studied. 
Under the bark of most of them, by following the character-
istic brown streaking of the fungus, it was possible to dis-
close one or several places where the inoculum had been left. 
These streaks were always connected to a. small tunnel dug by 
an insect through thin bark. Spots were numerous in ~samples 
taken from trees growing close to trees heavily infested 
with Hylurgopinus rufipes. They were sometimes numerous in 
rough bark, or near the axil of a twig. It is importa.nt to 
mention here that these sme.ll channels dug to the sa.p-wood 
were noticed only on twigs or limbs less than two inches in 
diameter. Hence, one can readily underste.nd that the bark 
beetle may the more easily reach the living xylem and depos-
it spores on it through the thin bark of branches of this 
size than through the thick bark of large branches and 
trunks. Pomerleau observed the presence of the "feeding'' 
tunnels in the bark, even as Kaston a.nd Riggs ( 1938). 
In order to obtain positive proof that the stains ob-
served were due to the parasitic fungus, samples were taken 
near the point of origin of disease and cultured. c. ulmi 
was recovered in every case. Mr. Pomerleau wrote: 
"The fact that adults of H. rufipes were often 
found in such tunnels does not leave any doubt 
of their responsibility as vector of the dis-
ea,se. The native bark beetle can readily in-
oculate c. ulrni to hea.lthy elms by boring up 
tunnels to sap-wood through the thin bark of 
twigs and small branches". 
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American authorities consider the beetle to be a less 
efficient carrier than Scolytus multistriatus. They cite the 
slower and less intense spread of the disease in Indianapolis 
Indiana, where the European beet l e has not become so well 
established, and they point to the comparatively easy early 
eradication of the disease in Ohio. At that time (1930-1932) 
the beetle was not known to exist in Ohio. 
ftYlurgopinus rufipes also attacks basswood (Welch, 
Herrick, and Curtis, 1934), but no experimenta.l work has 
been done as yet to determine -whether Ceratostomella ulmi 
could exist in this tree, which would then serve as a 
source of inoculum. 
In order to make sure that the beetle, Scolytus sulcatus, 
could transmit Dutch elm disease, ce.reful investigation and 
experimentation were necessa.ry. The insect has been found 
in elms infected with Dutch elm disease. The fungus bas 
been isolated from beetles found in and issuing from elm 
materia.l collected in the field. W. D. Buchanan (1940a.) 
proved that the beetle could transmit the Dutch elm disease 
fungus under controlled conditions in the laboratory. There 
has been no positive proof that Scolytus sulcatus transmits 
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Dutch elm disease is prevalent. These beetles could do ser-
ious damage, if, for example, there happened to be a dearth 
of their preferred food host, the apple, and a goodly supply 
of elms at hand. 
Since the beetle will go from its preferred host, the 
apple, to the elm and back, can it inoculate the apple tree 
with the Dutch elm disease fungus'? If so, what effect does 
the parasite have upon the apple tree'? s. J. Smucker (1942) 
of the Federal Bureau of Plant Industry at Morristown, New 
Jersey, did some experimental work ori this problem, and his 
findings show that Ceratostomella ulmi will rema.in for some 
time in apple wood, and viable, a~lthough the tree does not 
appear to be adversely affected by the pathogen. However, 
the possibility that the apple could serve as a source of 
inoculum for elm,or that the beetles could serve as vectors 
from apple to elm in nature seems very unlikely. ffene 
Pomerleau (194?) felt tha.t this beetle need not be consid-
ered as more than an oc·casional vector of the disease. 
Other means of spreading the disease include natural 
root grafts, which may occur wherever elms are planted close 
together (Verral and Graham, 1935). This is a common and 
important mode of transmission in elm groves, where one elm 
may have become infected. Pruning tools are a possible 
means of spreading the fungus, and all people engaged in 
pruning work, where the disease is prevalent, or, to be on 
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the safe side, anywhere, should disinfect the tools used on 
one tree before working on a second tree. Birds may possiblJ-
spread the spores or even the mycelium, but there is no evi-
dence that they do so. David Linder (1931) mentions the 
larva of the Leopard moth, Zeuzera wrina, as a possible 
insect vector, since it makes tunnels under the bark, but 
this is very doubtful. None of the investigators has 
considered the insect of sufficient importance to warrant 
investigation. 
To summarize briefly, the plant pathologists still 
maintain that the elm bark beetles, Scolytus scolytus and 
Scolytus multistria tus in Europe, and Scolytus multistriatus 
and Hylurgopinus rufipes in North America are the most 
important means by which the spores of Ceratostomella ulmi, 
the Dutch elm disease, are made to infect a living elm; and 
that these beetles are able to serve as vectors because of 
their peculiar breeding and feeding habits. Control the 
beetles and you control the disease! 
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VI 
CONTROL 
General Considerations 
When the Dutch elm disease made its first recognized 
appea ranee in this country in Ohio, an eradication project 
was at once undertaken. Conditions in Ohio favored the pro-
ject. The major insect vector did not exist there, and al-
though no one knew where the disease had come from, nor how 
it had been introduced into the region, prompt destruction 
of all diseased trees resulted in apparent success. Since 
that time many other cases of the disease have appeared in 
Ohio, and how the disease gained entrance in ,the first place 
if fairly well understood. Also, the difficulty, if not the 
impossibility of complete eradication has been recognized. 
In other parts of the country, where the zone of infec-
tion is widespread and the insect vectors exist in great 
numbers, all idea of eradication was abandoned long ago. 
Now the interest is centered in measures for control of the 
disease. The several methods of attack are: destruction 
of all diseased trees and parts of trees; general improve-
ment of the health of existing elms; development of resist-
ant species of elms to replace susceptible varieties; 
quarantine; chemotherapy; the use of antibiotics; and des-
truction of the beetles that spread the disease. 
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Control through Sanitation 
Once a tree has been found to be infected with Dutch eln 
disease, it should be cut down as soon as possible and every 
part of it destroyed, or treated in such a way that it will 
not become .infested with the elm bark boring beetles, or by 
any other vector of the disease. To try to save a tree 
showing limited infection by pruning away the diseased parts 
is generally frowned upon, for such a tree is likely to be 
infected in other parts not showing symptoms, and these partf 
can serve as a source of inoculum for healthy trees. How-
ever, it is possible to save some trees this way. 
s. J. Smucker (1940b.) has shown experimentally that 
Ceratostomella ulmi can exist in trees not showing external 
symptoms after the first year and that it ca.n subsequently 
be used as a source of inoculum for healthy trees. His 
experiments also demonstrate that the organism gradually 
dies out in some of the trees. "In such trees the recovery 
progressed from apparent to real." The table on the followir g 
page is taken from his report and demonstrates the fact. 
If the infection is of the chronic type, the tree may 
persist for some time, finally succumbing to the attack, or 
it may recover. If such a tree be permitted to stand, the 
disease may travel throughout its entire system, not only 
endangering other trees when insect or other vectors of the 
of the disease are present, but also, when, through the 
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Table 1 
(Viability of Ceratostomella ulmi in 112 small 
American elms artificially infected in 1936 but 
not showing external symptoms of disease tiuring 
subsequent years) 
Date cultured 
Jan. 1937 
Feb. 1938 
Jan. 1939 
April 1940 
Trees yielding C. 
Number 
112 
110 
95 
82 
-----8. J. Smucker 
(1940 b.) 
ulmi 
Percent 
100.0 
98.2 
84.2 
73.2 
"Apparent Recovery of American 
Elms Inoculated with Cera.to-
st om ella ulmi" 
Phytopathology 30: 1052-1054 
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intertwining and lace-like network of the root system, 
natur.e.l grafting takes place. Root grafts are common in 
crowded stands of elms (Verrall and Graham, 1935). Excava-
tions of roots of .nearly a hundred pairs of elm trees show 
that nearly all trees over eight inches in diameter are con-
nected by roo~ grafts if the stems are seven feet or less a-
part. The larger the trees , the grea.ter the distance at 
which they will graft. Grafts have been found between trees 
seventeen feet apa.rt, a.nd groups of three to five trees have 
been found grafted through a continuous system. Walter, :M..ay, 
and Collins (1943) report such grafts as being common betwee 
elms twenty-five feet apart. These investigators were first 
able to prove complete vascular union in root grafts through 
a series of experiments and they also found several actual 
specimens where the disea .. se had entered by way of root graft 
from stumps of diseased trees that had previously been re-
moved. 
Working alone A. F. Verrall {1938) demonstrated that 
Ceratostomella ulmi will exist in roots and stumps of dis-
eased trees, will pass into the soil, and will survive in 
treated or :sterile soils. He demonstrated furthe r that in 
nature it will survive but a short time because of the unfav-
orable environment where other soil organisms compete with it 
successfully. c. ulmi has not been isolated from soil in 
na.ture. 
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It is not al~Ways possible to remove the stumps. In 
such cases the stumps should be cut close to the ground, de- l 
barked to below the ground line, and then treated with a 
fungicide to destroy fungi that may already be present and 
to prevent development of the fungi. An effective fungicid 
is creosote. Sprouts from stumps should be removed. 
Since all parts of a 
pathogen, it follows that 
should be destroyed. The 
tree are capable of harboring the I 
all parts o:f a diseased tree I 
recommended method of destruction I 
is by burning. The work 
eased tree is discovered 
wood in which the vector 
should be done as soon as the dis- I 
in order to eliminate contaminated I 
beetles may breed. w. B. Becker I 
(1949) stresses: "Between spring and autumn, this destruc-
tion must be done within a month of the time the tree, or 
log, etc., died. Otherwise the beetles will have left such 
breeding mctteria.l to attack living elms." To demonstrate 
the value of control through removal a.nd destruction of all I 
II diseased elms or parts of elms, Henry Baldwin (1939) com- ·I 
pares the progress of the Dutch elm disease in two towns, 
one of which practiced complete sanitation, and the other 
pra.cticed partia.l sanitation. He reported a 50% increase 
in new cases of the disea.se where all infected elms but one 
were cut and destroyed before the beetles could emerge, and 1 
in the other town where about 25% of the diseased trees 
were allowed to discharge beetles before destruction, the 
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year 1935 saw an 86.% increase of new infection. 
If diseased trees are found in the fall and winter of 
the year, they should be cut down before May, when the spore~ 
bearing beetles begin to emerge. If it is impossible to 
destroy the wood and other d~bris from such trees, they 
should be soaked in a poison solution. The following fonn-
ulae are to be found in a government circular prepared by 
Walter, May, an·d Collins (1943). 
( 1) 1 part by volume monochloronaphtha.le~e 
12 pa.rts f,uel oil, 26 to 28 degrees !eaum~ 
(2) 1 part orthodichlorobenzene 
4 parts fuel oil, 26 to 28 degrees Beaum~ 
For effective use of the above formulae, the temperature 
should be about 50 degrees Fahrenheit. 
It is important that all disea.sed wood be treated chem-
ically, since the pathogen is able to survive for consider-
able time in dead elm wood. Spra.ys must be applied so that 
the bark glistens, in order that t~e small holes made by th, 
beetles be filled. Walter, ~~y,and Collins (1943) estimate 
that per each stacked cord of wood two and one half to three 
gallons are needed. 
It has been observed that time after time local out-
breaks of Dutch elm disease stemmed from piles of elm logs 
left untreated. If they must be left in the open, it is 
essential that they be debarked, or thoroughly sprayed with 
a repellent for bark beetles. It does not matter whether 
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the material comes from a healthy tree or not, since the 
beetles bearing spores may multiply there, increasing in 
tremendous numbers and causing the fungus to become estab-
lished as a saprophyte on the dead elm wood. Piles of logs 
are especially dangerous, because those parts lying on the 
ground provide conditions of moisture most favorable for the 
sporulation of c. ulmi. 
W. B. Becker (1949) suggests that all bark surfaces of 
diseased elm materials should be thoroughly wet with one per r 
cent DDT in kerosene, to be applied only between April and I 
October 30. This is less desirable than complete destructioltl 
il by burning, and it should be used only where such destructiof 
. I by burning cannot be accomplished. The spray, applJ.ed by a 
hydraulic sprayer, will keep the beetles out and will kill 
many already present, as they emerge. The spray is danger-
ous to human beings, is harmful to other animals, and it 
will kill or . injure certain plants. It presents a fire 
hazard, and it is hard on the rubber hoses and fittings in 
the spray outfits. 
In areas where large numbers of diseased and sickly 
trees may be present and awaiting removal, a method of treat f'" 
ing the tree and rendering it safe against both further attapk 
by the pathogen and by insects has been tried. An account 
of this method is to be found in articles by Brewer and 
Middleton (1938), E. P. Felt (1940), and McKenzie and 
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Becker (1937). Zinc chloride and copper sulfate po±sons 
were introduced into the sap stream. A dry copper sulfate 
pack under the bark of the tree was standard treatment. Th 
chemically treated trees are certain to die, hence only 
those definitely scheduled to be removed and destroyed shou 
be treated. vpinions differ as to the worth of the treat-
ment. A rapid decline in the number of infected trees with 
in a short distance from the source of the infection indica 
the worth of the treatment. un the other hand, the marked 
extension of the infected area recorded in New York State 
in 1938 and 1939 may have resulted from the enormous pro-
duction of beetles from the 1936 and 1937 chemically treate 
trees in New Jersey (Felt, 1940). If treated trees cannot 
be removed promptly, they ma.y become a source of a. la.rge 
beetle population. Perhaps it would be better to leave 
undiseased, though weak or worthless, trees untreated! 
The Seasonal Leaflet issued by the United States 
Department of Agriculture (1947) recommends that "any elm 
wood cut during the winter should be sprayed or debarked by 
April 15, or so treated immediately if cut during the summe 
No elms should be cut and left out of doors between April 1 
and October 15. The spray formula., to be applied so as to 
wet the entire bark surface is: 8 pounds of technical DDT 
dissolved in 100 gallons of No. 2 fuel oil. 
To summarize: Not complete eradication, but a. good 
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control of Dutch elm disease may be had by destroying all 
known diseased trees by fire, or by otherwise render~ng the,! 
unfit for the growth and development of the pathogen and 
unfit for habitation by the insect vectors of the disease. 
Control through Improving Tree Health 
Young, vigorously growing trees from 15-40 years of age 
are more likely than others to be attacked by the pathogen. 
One reason is that such healthy trees attract the insects 
during the feeding period, and thus they are likely to be 
inoculated. Studies by Zentmyer (1943b.), Zentmyer and 
Wallace (1944), and Zentmyer, Wallace, and Horsfall (1944) 
indicate, however, that a healthy, vigorous tree may success 
fully overcome the pathogen, provided it has not been sub-
jected to too large a. dose of the inoculum. These investi-
gators also demonstrated that infection was more serious 
when a tree was subjected to many small inoculatio~, than 
when it was given one large inoculation (equal to the sum of 
the small ones). 
Moreover, if a tree is to recover from the effects of t e 
I 
pathogen, or conquer it, it must be kept free from attack by l 
bark beetles during the following season. Attacks by the I 
beetles greatly weaken any tree. To overcome an attack by 
the pathogen a. tree needs great vitality. Apparently the 
host can recover only because of the fact that the fungus 
does not readily grow through dense layers of living wood; 
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neverthflless, , the parasite can survive for several 
the infected ring. Attack by the bark beetles on foliage 
and in bark may so weaken a tree that it cannot overcome th 
pathogen. Other kinds of insects may likewise interfere 
with a tree's efforts toward recovery. Bark boring beetles 
and their larvae are especially damaging because they may 
also inoculate the tree, and, as they are likely to attack 
a tree in great numbers, may bring about the more serious 
multiple inoculation. 
A second reason that young, vigorously growing trees 
are more likely to be attacked than very young or old trees 
i~i' evident when one considers growth and tissue fonnation 
of trees at the age extremes. Old trees contain less sue-
culent leaf and twig tissue for the feeding beetles, and 
less desirable bark for the feeding activities of the nativJ 
I 
bark beetle, Hylurgopinus rufipes. A very young tree may J, 
overcome even a large invasion by a very rapid laying down I 
of va.scula r tissue, whereby the tree grows faster than the 
fungus and may be able to render it ineffective by sealing 
it within one growth sheath. In experimental trees where 
the disease recurred, it was found that invaded vessels of 
the new and the old sheaths were cpntiguous at one or many 
points and that these points of contact were most common 
in the roots, were present in trunks, boles, or stems, 
and were rare in the small branches (Banfield, 1947; Ban-
101 
field and May, 194?). This may account for the greater 
frequency of recovery reported for trees where invasion 
occurred in the crown of the tree. 
The general concensus of opinion is that trees main-
tained in a vigorous, healthy condition are better able to 
resist attacks, than are sickly, unhealthy trees. Condi-
tions contributing to ill health and poor growth in elms 
are: defoliation by insects, or as the result of some dis-
ease other than Dutch elm disease; unfavorable weather con- , 
ditions, especially drought; leakage from gas mains in urbar l 
areas; lack of proper nourishment (soil fertilizer); and 
die-back resulting from any of the conditions listed above, 
or from disease. 
To control le.a.f spots (due to a fungus parasite) which 
may result in defoliation, make three to five applications 
of an ordinary eopper or sulfur fungicide, as Bordeau Mix-
ture (4-4-50), sulfur dust, or a wettable sulfur spray. Be-
gin about the middle of May, when buds start to open and 
repeat at intervals of ten to fifteen days during the first 
part of the growing season. 
For control of insects a. regular spray program is nee-
essary, and this will be discussed under the sect ion devot ec 
wholly to that subject. At this time, the effect on the 
health of the tree of the attacks of elm leaf beetles and 
canker worms should not pass unmentioned. These pests are 
I 
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not purveyors of Dutch eim disease, but they are voracious 
leaf-eaters, and may seriously weaken a tree and even kill 
it by complete defoliation. B. o. Dodge (1933) wrote: 
"Keeping elm trees free from insect pests may prove to be 
the first important step in combating the recently introducei 
fungus disease." Zentmyer and Wallace (1944) reported that 
trees which had been defoliated by canker worms were much 
more severely affected by the Dutch elm disease than non-
defoliated trees, the reason possibly being the prolongation 
of spring wood formation. Edgar D. Rex (1947a.) wrote: 
11
---the State-wide damage to elm trees, inflicted by defoli-
ators, is far greater than the damage occasioned by the sev-
eral diseases, Dutch elm disease included." 
During times of drought, a proper watering program 
carried on extensively over a consid:erable period of time 
should be beneficial. This must be thorough, since inade-
quate watering is of little or no value and is just a waste 
of time and money. In urban areas, construction of various 
kinds may affect the water supply of trees in the neighbor-
hood by lowering the level of the ground-water table, for 
example, when an area is drained; by exposing the roots or 
causing them to be too near the surface of the soil, for 
example, when grading projects are undertaken; by covering 
the roots and excluding them from adequate water and air, 
for example, when pavement and road work is done. If shade 
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trees are to remain in a strong, healthy condition, provisio 
I 
must be made for the maintenance of a proper water and food 
economy. 
One way to prevent the breeding of ha .. rmful bark-boring 
insects is to carry out a yea.rly pruning program. All sick-
ly and dying or dead branches should be removed and destroy-
ed and all work should be done by the first of April, before 
the beetles that ma.y be present in dead or sickly wood are 
ready to emerge. Pruning wounds should be protected by 
appropriate tree paint to prevent the entrance of decay 
organisms. 
In urban areas trees that grow near gas mains and pre-
sent a yellow or sickly appearance should first be checked 
for the presence of the Dutch elm disease organism. If the 
fungus is not present, the soil should be tested for gas 
leaks, and any found should be stopped. If sickly elms do 
not respond to treatment, it would be better to remove them. 
Nourishment and Control 
All elm trees are susceptible to the Dutch elm disease 
pathogen, whether they are in high, moderate, or low vigor. 
Rapidly growing trees are apparently somewhat more severely 
affected than are those the . t grow more slowly. The problem 
that intrigued the pathologists was: Will a healthy tree, 
inocula.ted with spores of the Dutch elm disease, be more 
likely to be destructively affected'? 
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The findings of several investigators (Buisman, 1930; Welch, 
Herrick, and ~'urtis, 1934; .Banfield, 1937; Parker, Tyler, Welc I 
and Pope, 1946; and Banfield and May, . 1947) follow: (1) Elm t 
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in good growing condition are not subject to unusually severe 
development of Dutch elm disease. (2) Applied fertilizers sho d 
not be excessive, and should be well-bala.nced. (3) The prunin~ of 
live parts should be kept at a minimum, since pruning fosters 
rapid growth and develop~ent of spring wood, where the fungus 
thrives best. (4) Nitrogen is an important fertilizer ingredie t, 
but should not be applied in excessive amounts. Phosphorus he I a 
fight disease invasion, but potassium is of less importance. II 
Welch, Herrick, and Curtis ( 1934) recommended the use of ammont i' 
nitrate or nitrate of soda. at the rate oft pound for each inc , 
. . ~ 
of trunk diameter at breast height, and an additional ! pound 1fr 
each inch over twenty of trunk diameter. (5) If a tree makes ~ 
good response to a complete fertilizer, it will be leas severe r 
affected by the pathogen. (Experimental trees were compared wi h 
I 
I nonfertilized, poorly growing check trees.) 
Parker, Tyler, Welch, and Pope (1947) found that trees tr, ted 
with lime as well as with nitrogen had a grea.ter development o~ 
Dutch elm disease. Dimond, Plumb, Stoddard, end Horsfall (194, ) 
found that the fungus d·eveloped most rapidly in a nutrient sol tion 
I 
within the range of pH-4 to pH-5. Feldman, Caroselli, and Ho~rd 
(1950) cons.ider that alkalization of the soil is an important I 
factor in the control of the disea.se. Investigators are not i 
agreement as to whether acid or alkaline conditions of the soi / 
aid the elm in ita struggle against the invading pathogen. 
They agree that a tree mainta,ined in good health through pro-
per fertilization is better able to combat the disease than an 
unhealthy, poorly nourished tree; that the pH factor in the 11 
soil plays a part in the tree's resistance; that 'the pruning o~ 
I 
live wood should be limited to avoid excessive growth of suo-
culent shoots, especially in the spring and early summer. 
The reason for the more favorable development of the 
Dutch elm disease fungus in re.pidly growing elm wood is ex-
plained by Zentmyer and Wallace (1944) as being due to "favor-
able nutritional substrate and the presence of wide rings of 
spring vessels". 'l'heir experiments also indicate that nutri-
tional variations in woods of different a.ges are re~~o,nsible 
for differences in the rate of development of the fungus, 
the current season's growth being more favora,ble than that 
of preceding seasons. They note that several different 
Nitrogen sources bring about vigorous tree growth, and that 
flourishing trees, thus nourished, are not so susceptible 
to the Dutch elm disease. They suggest that the treatment 
produces alterations in the nutritional character of wood 
and sap stream favorable to the trees and unfavorable to the 
pa.rasi te. 
vrganic fo.rms and inorganic forms of nitrogen are both 
satisfa.c;t; ory. ·fertilizers, but the organic forme ta.ke longer 
to become s.vailable for use by the tree. Mixtures of organic 
and inorganic forms have been tried, but with no better 
results than the more ra.pidly assimilated inorganic forms. 
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The Missouri Botanical Garden experts recommend a complete 
fertilizer: 10% N 8% P 6% K. The Ohio Agricultural 
Experiment Station recommend a complete fertilizer: 
8% N 6% P 4% K. The latter produces moderate vegetative 
growth with e. dark heavy foliage. 
The fertilizers may be applied at any time of the year, 
but least damage to lawn grasses and greatest benefit to th 
trees result from early spring application about the time 
the buds are breaking or a little earlier. The application 
should be evenly distributed over the entire feeding-root 
area, which extends somewhat beyond the limits of the sprea 
of the branches (Welch, Herrick, and Curtis, 1934). 
Resistant Species and Control 
Considerable work has been done in several European 
laboratories (especially in Holland and in Germany before 
the Second World War) in an attempt to develop species of 
elm resistant to Dutch elm disea.se. The Asiatic Ulmus pum-
ila L. and its variety, Ulmus pumila var. pinnato-ramosa 
Henry; the Christine Buisman elm, a seedling selection of 
Ulmus carpinifolia Gleditsch; and the Chinese elms,Ulmus 
I parvifolia Jacq. and Ulmus Wilsoniana Schneid. appear to be 
resistant. Not all of these species are suitable for use 
as shade trees, but from them suitable resistant hybrids 
may be developed. The chief hope for developing good spec- II 
ies for use as shade trees lies in the fact that occasional 1 
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individuals in otherwise ver,Y susceptible varieties are 
resistant. The Christine Buisman elm is such a one. Stock 
from these may be propagated by cuttings, resistant seedling~ 
may be grown from them, or varieties may be developed from 
them by careful selection and hybridization. Some work on 
the best methods of propagation of disease-resistant elm 
selections by vegetative cuttings has been done by T. W. 
Bretz and R. u. Swingle (1950). They found that the Chris- I 
tine Buisman elm was propagated best on its own root cutting!a 
collected during the donnant season. 
The problem of developing a resistant species is any-
thing but simple. No 100% resistant (immune) species is 
known to exist. There is reason to believe that a tree re-
I 
sistant under one set of conditions may be susceptible under 
another. It is known that nutrition of the tree affects its1 
susceptibility; and that attacks by insects render it more 
susceptible. Recent work of Dimond, Plumb, Stoddard, and I 
Horsfall (1949) demonstrates that the difference in suscepti 
bility of American and Siberian elm may be due to differences 
in their water economy. As early as 1935 Bancroft (1935) 
suggested that resistance to Dutch elm disease may be found 
"quite likely to be closely bound up with individual physio-
logy, and there may be types morphologically similar, and 
even similar in their kind of secretion, which are neverthe-
less different in their reaction to infection". Bancroft 
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also suggested the possibility that different ~strains• of 
the pathogen might exist. 
L. J. Tyler and K. G. Parker (1945a.) in their experi-
mental work identified culturally different ra .. ces that orig-
inated as sector variants in mass isolates obtained from dis i 
I 
eased American elm. Some of these races were strongly path- · 
ogenic, others 11rere moderately strong, and one was practic-
ally non-pathogenic. Continued cultivation of the races on I 
nutrient agar, without pass ing them through the elm, did no ~ 
change their pathogenicity. The non-pathogenic Race E (s.s 
they called it) did not sporulate, and was difficult to ider: ... -
ify as belonging to C:' ulmi. Swingle (1936) also observed 
wide differences in the progenies of c. ulmi on nutrient 
agar. 
To summarize: There is no such thing as an elm immune 
to Dutch elm disease. Development of resistant species as 
a means to control Dutch elm disease is possible, but diffi-
cult, since variations within a single species of elm are 
great, since environmenta.l f actors have such a large influ-
ence on both host and parasite, and since the variations 
within the pathogen are also wide. Hybridization of the 
various species of elm ' is common in nature, therefore hope 
of perpetuating a resistant individual by means of its seeds 
is vain. Desirable varieties must be propagated by vegeta- I 
I 
tive cuttings. 
lOg 
Control by Quarantine 
A study of the history of the disease reveals the fact 
that attempts to exclude Dutch elm disease by quarantine 
measures :fail. They may be .successful in excluding the in-
vader for a. time, but eventually the undesirable orga.nisms 
gain entrance into new territory. Reasons for failure lie 
in the ignorance, indifference, apathy, and weakness of the 
citizenry, and in the short-sighted views of the leaders and l 
I 
statesmen that commerce is to be fostered at a.ny price. Eng 
land 1 s quarantine measure.s failed, but at the time they were! 
enacted the disease may already have been established in I 
England. In any case, England lies close to the continent, 
and the pathogen would be able to pass across the Channel. 
In our own case, either the original quara.ntine measures 
were not strict enough, or they were not sufficiently well 
enforced! 
Since 1919, the date of identification of the new pest 
in Holland, no elm nursery stock had been imported into the I 
United States except under special permit. The small amount I 
of special permit :stock that had been imported was examined 
and found to be free from disease. Strange as it seems, the 
entrance of elm burl logs from Europe was not prohibited! 
After the dis'ease had gained entrance into the country by 
under their bark, quara.ntine legislation was enacted, for-
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110 
bidding the importation of elm logs or lumber with bark; an 
it permitted their entry without bark only under special 
conditions. Canadian legislation, forbidding entrance of 
elm burl logs, or of elm lumber and materials, had been in 
effect several years prior to the enactment of our legis-
lation. 
I 
I 
Examination of cheap crates used to pack china and 11 
other materials from Europe disclosed the fact that Europea 
manufacturers were using bark-covered slats from diseased 
elms. Both C. ulmi wa.s present and the carrier beetles! 
At the present time entrance of elm material in any form is 
forbidden. Protection aga.inst further entry into this coun 
try of Dut ch elm disease or of insects that may carry it 
(such as Scolytus scolytus F., the beetle considered the 
most important vector in Europe) depends upon the following: 
(1 ) embargo on commercial pro~ucts; (2) disinfection of I 
I 
seeds; ( 3) detention of propagating material other then 
seeds. Spores of C. ulmi may possibly gain entrance on 
other plants, but that risk has to be taken. The possibili 
of the entrance of spores via other plants or materials has 
been disregarded unless these things have had definite op-
portunity to become ca.rriers. The major problem of success-
ful quarantine centers around the exclusion of commercial 
products, since qua.ra.ntine protection can be attained for 
propagating materials. People whose lives are directly 
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benefited by the exclusion of plant pests and plant diseases 
are likely to be co~pera.tive in these matters. To repeat: 
1 It is the uninfoiwed, indifferent, apathetic, greedy individ 
ual or group of individuals tha.t have to be guarded against. 
As Mr. W. A. McCubbin (1936) stated: "The need for excessiv 
embargo in the case of commercia.l products tends to restrict 
quarantine action to a compromise system far short of per-
fection." People being what they are, only a compromise 
system will work--but the fact remains, that sooner or later, 
under such a system, the undesirable alien will find a way t i 
sneak in. 
I 
112 
VII 
CHEMOTHERAPY 
Introduction 
Something new! That was my first reaction to the term 
"chemotherapy". Further studies have made it plain that th 
idea of chemotherapy, the cure of existing diseases by mean II 
of chemica.ls, is very old. The actual control of disease, 
although only to a slight extent, is new. The term to-day 
applies only to chemicals that are introduced into the 
plant, or that enter the plant in some way, and exert their 
action from within. This action may be curative or preven-
tive. The term is not here applied to the control of physi 
1
_ 
logical disorders, deficiency diseases, nor to techniques o~ 
combating insect and other animal pests. It is used to des J 
cribe treatment by chemicals in combating virus, bacterial, 
and fungus parasites of plants. At the present time, the 
best methods for control of these types of plant diseases 
is through the use of resistant varieties and by crop rota-
tion. Protective fungicides, for example inorganic copper 
. . 
(Bordeaux) and sulfur fUngicides are still being used as 
protective sprays. They are essentially the same sprays as 
those used twenty years ago. Few serious attempts to find 
new and better fungicides of this type have been made. Ex-
cellent reports on a remarkably effective group of new 
fungicides, the substituted pyrazoles and other related 
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organic compounds, come from George L. McNew and Norman K. 
Sundholm (1949). 
The search for internal chemotherapeutic fungicides ha. 
been given considerable time and effort, however. These rna 
act in several wa.ys. They may inactivate the para,site in 
vivo, and the inactivation csm be temporary or pennanent. 
They may prevent the parasite from increasing or multiplyin 
If the action is permanent, the infection will be localized, 
but if temporary, the pathogen can begin to grow again withi 
its host. They may cause the host to develop a resistance 
or a.n immunity to the disease. They may prevent the form-
ation of the toxin produced by the pathogen. They may in-
activate or antidote the toxin or toxins produced by the 
pathogen. 
History of Chemotherapy 
Much of the work which follows is taken from Stoddard 
and Dimond's The Chemotherapy of Plant Diseases (1949). 
In the 12th Century attempts were made to color flowers 
and to flavor and perfume fruits by the injection of powders 
into roots, stems, and bark. In the 15th Century, Leonardo 
da Vinci bored holes in trunks of trees and placed arseni-
cals and other chemicals in them, no doubt hoping they would 
ascend into the fruits. Many similar attempts are on record 
by one or another scientist in early times, but all were 
primarily concerned with results which would benefit the 
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experimenter--none being made with the idea of benefiting 
the plant until the 17th Century, when an anonymous scientis~ 
attempted to control insects by introducing several insol-
uble substances into infested pla .. nts. It was during the 
17th Century that studies of the ascent of sap were made by 
use of dyes int reduced into the sap strea.m, a.nd a knowledge 
of the pressure differential between the atmosphere and 
water columns within the plant was gained. Since that time 
many similar :studies have been made involving not only the 
use of dyes, but also of organic salts. .During the 19th 
Century, deficiency diseases of plants were recognized. 
Liebig and others began a search for the ideal fertilizer 
which would supply the inorganic needs of plants, and some 
tried to supply these deficiencies through introduction into 
the plants of various inorganic salts. More recently studie~ 
of insect control by this method have been undertaken. In 
the United States, commercia.l tree experts, about the time 
of the First World War, were claiming miraculous cures of al 
sorts by inserting pills of potassium cyanide, potassium 
chlorate, and iron sulfate into the trunks of trees. These 
treatments were worthless. 
Then, for the space of about a quarter of a century, 
nothing further was done in this most promising field of 
research. During the last decade, perhaps as a result of 
the successful use of streptomycin, penicillin, and other 
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antibiotics, a.nd of the i'sulfa" drugs, in combating virus 
a.nd be.cteria.l diseases in the warm-blooded animals, the stu 
dy of the chemotherapy of plants has been greatly stimulate , 
with splendid results, many of which show great great pro-
mise. 
Most work on the chemotherapy of Dutch elm disease has 
been recent (within 15 years). In Europe, the French path-
ologist, Boudru, published results of his work using ma.la-
chite green and 8-quinolinol compounds, but decided that the 
best means of controlling disease lay in developing resistan 
species. The following year the Belgian pathologist, Fron, 
reported good results from 8-quinolinol, but his tests were 
limited and consequently ignored. 
In 1940, Dr. ]'. L. Howard demonstrated that toxins pro-
duced by a certain fungus (Phytophthora cactorum) could be 
neutralized by dihydrochloride of di-amino-azo-benzene, a 
dye stuff sold as Helione Orange. 
Shortly thereafter, Zentmyer and Horsfall (1943) iso-
la.ted toxins from cultures of Ceratostomella. ulmi and found 
that these produced symptoms of Dutch elm disease when in-
jected into healthy trees. These workers then tried several 
chemotherapeute.nts and found several that produced favorable 
results. Subsequent experiments by the same men have shown 
that each of the several toxins of Dutch elm disease pro-
duces certain symptoms, being all together responsible for 
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the syndrome of Dutch elm disease. Zentmyer's theory that 
8-quinolinol might act against the fungus by removing essen -
ial minor metals from the substrate has proven sound. More 
over his use of 8-quinolinol was quite independent of the 
earlier work with this chemical by Boudru and Fron. 
As a result of these combined investigations, and the 
testing of over 100 different chemicals, four were found to 
be of promise: 8-quinolinol sulfate, 8-quinolinol benzoate, 
p-nitrophenol; and hydroquinone. uf these four chemicals, 
8-quinolinol sulfate has proven most effective. At the 
present time, this is the chemical recommended by the 
Connecticut State College authorities. The Rhode Island 
State College experts have just reported a. new chemical, 
which antidotes the toxin of Dtltch elm disease, alkalizes 
the soil, and stimulates tree vigor (University of .Mass-
achusetts, 1947). 
At the present time some small amount of work is being 
done on the possible value of bacteria, or other organisms, 
which have been found to produce, or which it is hoped may 
produce, substances antibiotic to Dutch elm disease. 
Progress in Chemotherapy 
(a) Some General Gonsiderations 
The information condensed in the following account of 
chemotherapy has been obtained largely from work done by 
pathologists working on Dutch elm disease at the Connecticut 
11'1 
I 
Jl 
Agricultural Experiment Station, New Haven, and at the Rhode 
Island Agricultural Experiment Station, coc!lperating with the 
Bartlett Tree Research Laboratories, Stamford, connecticut. 
These pathologists are A. w. Feldman, Nestor E. Caroselli, 
and Frank L. Howard of the Rhode Island Agricultural Exper-
iment Station; A. E. Dimond, G. H. Plumb, E. M. Stoddard, 
and J. G. Horsfall, George A. Zentmyer, and Phillip P. 
Wallace of the Connecticut Agricultural EXperiment Station, 
New Haven. A long list of their works appears in the 
bibliography. 
When Dutch elm disease first gained a. foothold in this 
country, it was hoped that the disease could be eradicated. 
Eradication projects flourished until 1938, but then declined 
and stopped almost entirely in 1940, due to the onset of the 
I 
I 
II 
I 
I 
Second World War. All hope of total eradication is at an endjj 
but the elms have not died out with the rapidity that char- I 
acterized the death of the chestnuts. It is with a hopeful 
outlook, then, that we turn to chemotherapy as a possible 
means of saving the American elm from final extinction. 
In order to make use of chemotherapy as a mea ns of 
controlling, curing, or eradica~ing Dutch elm disease, a 
complete knowledge of the growth, life history, physiology, 
water economy, and nutrition of both the causal agent Cerato-
stomella ulmi, and of the elm is necessary. The effect of 
environmental factors, such as weather, season, and temper-
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ature on both must be thoroughly understood. What interactio s 
occur between host and parasite must be thoroughly investiga-
ted. An insight into preliminary studies and into the diffi-
culties that were encountered before chemotherapy could be 
undertaken, may be seen in the following summary of how the 
nutrient media for growing Ceratostomella ulmi in vitro were 
developed is ill~~inating. The investigating pathologists 
(Zentmyer, Horsfall, and Walla ce, 1946) discovered that stan-
dard solutions (Richard's, Leonia,n' s, Czapek' s) produced but 
a sparse growth. Technical grade maltose, or orange juice 
or liver extract (Extralin) containing vi tamin-B complex im-
proved growth. Later, it was found that pyridoxine (vitamin-
B-6) was the most essential yeast growth factor for the fun-
gus. In liquid media, maltose or glucose supplied the ca rbon 
source; asparagine or peptone were best sources of nitrogen. 
Suitable nutrient solutions evolved were: 
(1) ( 2) 
Tochinae nutrient 
K H-2 P 0- 4 1.5 {}" 0 
Mg S 0-4.7 H-2 0 1.0 g K H-2 P 0-4 1.5 g 
glucose 25.0 g Mg S 0-4.7 H-2 0 0.5 g 
asparagine 2.0 g peptone 10.0 g 
yea st extract 2.0 g maltose 20.0 g 
distilled water 1000 ml distilled water 1000.0 ml 
( 3) 
Same as (1) except that 2 g. of peptone were substituted for 
the asparagine. 
Excellent mat formation was obtained with decoctions of 
elm twigs or leaves, an interesting fact being that American 
119 
elm decoctions were superior to those of Siberian elm. 
An excellent solid medium is made of malt extract agar: 
agar 
ground malt barley 
distilled water 
20 g 
100 g 
1000 ml 
On malt agar the fungus produces masses of small yeast-like 
spores that can be suspended in water to be used for inocul 
in experimental work. Growth is also good on potato 
agar and on oat agar. 
In addition to basic nutrients the fungus requires cer-
tain amounts of the trace elements: 0.075 mg of copper per 
liter; 0.075 mg of manganese; 0.30 mg of iron; and 0.30 mg 
of zinc. 
The fungus develops most ra.pidly in nutrient solutions 
within the range of pH-4 to pH-5. The acidity gradually 
decreases, becoming alkaline after several months, a result 
that is similar to that found in studies of other fungi. 
Further knowledge of how very complex are the nutrient 
requirements of these so~called "simple" plants may be ob-
tained from a study of The Fungi, Volume 2, by F. A. Wolf 
and F. T. Wolf (1946). 
(b) The Toxins of C. ulmi 
The work of Zentmyer (1942) and of Zentmyer and Hors-
fall(l942) disclosed the fact that Ceratostomella ulmi pro-
duces a toxin or toxins which are responsible for typical 
disease symptoms in cuttings of tomato and elm. If toxin or 
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toxins could be isola.ted, and their chemical nature learned, 
it would be possible, they hoped, to find chemicals that 
could be used as antidotes. The idea of antidoting the 
effects of the disease was already in the trial process, but 
because the nature of the toxins was unknown, it was necess-
ary to choose chemotherapeutants empirically--that is, by 
selecting a chemical and then testing it out on a number of 
plants for efficiency. An outline of procedure used for 
separating phytotoxic fractions from culture . filtrates of 
Ceratostomella ulmi is on the following page. 
The culture used to obtain the fractions "was an isolat 
from a diseased tree, producing hyaline mycelium and fruitin 
bodies, and capable of producing typical symptoms of Dutch 
elm disease in inoculated elms" (Dimond, Plumb, Stoddard, an 
Horsfall, 1949). The various component fractions were teste 
to determine their toxicity. As a result, it is now known 
that Ceratostomella. ulmi produces not one, but several toxic 
fractions, each acting to produce certain of the character-
istic symptoms of the disease. The experts disagree on the 
pathogenesis of the polysaccharide toxin, Feldman, Caroselli, 
and Howard (1950) considering it unimportant, whereas Dimond, 
Plumb, Stoddard, and Horsfall (1949) find that sufficient 
quantity of this toxin is produced to cause wilting in the 
test cuttings. The latter attempt to explain the different 
results by a suggestion that the toxin titer may vary with 
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Phytotoxic Fractions 
(An outline of procedure used for separating 
phytotoxic fractions from culture filtrates 
of Ceratostomella ~) 
. 
. 
Shake Culture 
(centrifuge) 
. 
. 
Supernatant 
metabolism solution 
Centrifugate 
bud cells and mycelium 
• 
• 
• . 
____ {vacuum distillation~) ______ _ 
. 
. • . 
Concentrate Distillate 
. 
___ (70% alcohol p~eo~pitationl__ 
• 
• 
. 
• 
• 
. ' 
Alcohol-soluble components Precipitate 
• • 
• 
___ (vacuum.distillationl__ 
• 
• 
• • • • Alcohol-soluble components Ethyl alcohol 
• • 
• 
• 
___ (ether extractionl__ 
. . 
. . 
• . 
.. . . . . ,.. . .. .. .  ·- - .. . . 
Ether-soluble components ~her-insoluble components 
-----Dimond, Plumb, Stoddard, and Horsfall 
( 1949) 
"An Evaluation of Chemotherapy and Vector 
Control by Insecticides for Combating 
Dutch Elm Disease• 
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re- II differences in the composit ion of the nutrient: or that 
sults may have differed because the genetic strains of 
Oeratostomella ulmi were different. 
Once the existence of the toxins is determined, the next 
step is to discover how each toxin a cts within the host. 
Some of the toxins cause an up-curling of the leaves; some 
cause a necrotic, interveine.l spotting; some cause a. yellow-
ing of the leaf; and some a r e responsible for the collapse 
of the stems of the test cuttings (tomato and some elm) . 
That the toxins affect many plants and e.re generally toxic 
has been shown by testing them on a wide va riety of pl a nt s , 
all of which responded by a wilting . The two resistant 
species of elm tested , the Siberian elm and the Christine 
Luisman elm, also wilted. 
(c) The Resistant E~ns 
Although the wilt s~nptoms do not often occur in resist. 
ant elms in nature, the cheracte r istic discoloration i s found 
in the wood. ~Y do not these elms succumb~ Investigations 
by Dimond, Plumb, Stoddard, and Horsfall ( 1949 ) indioE: .• e th~t 
s. large part of the syndrome of the Dutch elm disea"' e cc~:"l I 
be explained in terms of a water shortage i · the leaves. 
This may b~ due to the formation of tyloses and gums induced 
by a toxir~ , or to the responEe of tJ_e elul itself t:J the 
presence of t he fungus. ~tudies by ~entmyB r, !'7orsfa l 1 , nne 
· all~ ce {194~) show that decrease i n the flow is too ra_i~ to 
I 
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be due wholly to plugg ing of wa ter tubes by the tyloses and 
gums--a long-time effect. Dimond, Plumb, Stoddard, a nd 
Horsfall (1949) incline to the belief that the loss of water 
and resultant rapid wilting is due to the effect of the 
polysa ccharide toxin, or else to some other wa.ter-binding 
material "which, in highly hydrated form lodges in the water-
conducting cells and reduces flo w through them 11 • They a.lso 
suggest that rapid ye-ast-like spore forrna.tion within the 
water tubes may result in the cutting off or slowing dovm of 
the water supply to the plant leaf tissues. Other experiment~ 
by Dimond, Plumb, Stodda rd and Horsfall (1949) support the 
polysaccharide theory. 
To discover why Ulmus pumila a.nd the Christine Buisma.n 
elm are resistant, whereas Ulmus americana is highly suscep-
tible, the anatomical structures of the two species were 
studied with care, but no differences could be found. There-
upon experiments were undertaken to compare the species with 
regard to their water economy, and these revealed a striking 
difference in susceptibility to physiological wilt. What it 
amounts to is this, the resistant elms can get along with 
less water. The fungus i s pa.ra si tic, then, in both species, 
but pathogenic only on the American elm. 
An interesting problem rema ins: Why is the Siberian 
elm resistant? Very likely it is due to some genetic factor. 
Pla nt cells do not seem to be able to build up their own 
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antitoxins as do cells of many higher animals. It is poss-
ible that the Siberian elm may possess some other factor in 
addition to its ability to survive upon less water. Zent-
myer, Horsfall, and Wallace (1946) observed that the fungus 
mat formation was inferior on decoctions of Siberien elm. 
This could mean that in the Siberian elm, certain nutrients 
needed by the fungus either a.re not present at all, or are 
not present in sufficient amount s. 
(d) Inactivating the Toxins 
If a parasite produces but one toxin, the search for a 
chemotherapeutant is simplified, but where more than one 
toxin is involved, several problems arise. Do all the tox-
ins need to be inactivstted-r If not, which ones-r Other 
problems involve a testing for the toxicity of the chemo-
therapeuta.nt on the pla.nt, its effectiveness otherwise, and 
the best mode of introduction. The ina.eti vat ion of the tox-
in does not remove the cause of the disease. When the ef-
fect of the antidotehas worn off, the symptoms will reap-
pear, therefore the question arises, if! the search for an 
antitoxin the right approach, or should the search be 
directed toward some chemical the.t will destroy the invadin 
pathogen? 
Of severe.l organic chemicals tested by Zentmyer, Hors-
fall, and Wallace (1946) 8-quinolinol benzoa.te, now commonl 
referred to as OQE, suppressed symptoms for a longer period 
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and was found to be more dependa.ble than the others. Zent-
myer (1943a.) suggested that this chosen chemical probably 
acted fungistically by precipitating one or several of the 
minor elements (Cu, Mn, Fe, or Zn) needed by the parasite. 
He found that OQ.B inhibited the growth of severs.l different 
fungi, including c. ulmi, when the concentration of the 
chemical was ;L.-10, 000 at pH-6. The chemical a.cted as an 
anti-vitamin in the caee of the minor elements which are 
connected with the vitamin formation and action of the 
fungus. 
In 1943, several chemicals, among them a-hydroxyquin-
oline sulfate, were tested on 500 elms, 6-10 ft. taoll. 
Reduced severity of the disease · resulted. Zentmyer and 
Horsfa.ll (1943) thought the reduction in severity was caused 
by inactivation of the free toxin in the plant or by a less-
ening of the toxin-induced vascular plugging. During the 
same year, Stoddard and Zentrnyer (1943) used the same chem-
icals on three virus or fungus toxins ("X" disease of peach, 
toxins of Dutch elm disease, and toxins of Verticillium wilt 
and found the ehemothera.peutic action to be similar. Their 
conclusions were that the toxins of these organisms were 
simila~. or that the effects of the therapeuta.nts on the 
plant reaction were similar. They favored the former theo 
that toxins produced by many fungus and virus disea.ses are 
similar. 
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At the present time, of all the chemicals tested OQB 
gives the most satisfactory results. The following data 
concerning the treatment for Dutch elm disease and the use 
of OQ.B are the result of the past ten years' research. 
(1) Once the disease is well established, the possib-
ility of checking its adva.nce by chemotherapy are consider-
ably lessened. 
(2) If an infected tree is treated, it dies less rapid-
ly, and the chances of its ultimate recovery are thereby in-
creased. Treated trees recover more often than those tha.t 
remain untreated. Diseased trees usually die despite trea.t-
ment, if they are la.rge. 
(3) Trees treated before infection are lees likely to 
become infected, especially if the inoculum potential is lo~. 
( 4) The best method of trea.tment is by soil applications. 
In early experiments this was done by applying the solution 
to the surface of the soil over the feeding root ares.. More 
recent experiments have resulted in the development of a 
better method, the sub-surface method, whereby solutions are 
pumped into the ground to a depth of 18-24 inches in the 
feeding root area by a liquid fertilizing nozzle. Pressures 
involved range from 150-300 lbs. per sq. in •• The dose is 
increased in direct proportion to the trunk diameter and is 
applied at the rs~te of 5 gallons of solution per diameter-
inch at breast height. 
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(5) Treatment given before the leaf buds expand gives 
no effect; if in May or .rune, foliage symptoms are reduced; 
and if in August or September, over-winter die-back is 
reduced. 
(6) The treatment wears off within a year, and there-
fore a tree should receive a. second treatment within from 
six months to a year. Under ordinary condi tiona one treat-
ment a. year is sufficient. 
(?) The disease tends not to recur in very small trees, 
but the larger a tree is the more frequently it recurs. 
Banfield (194? and 1948) demonstrated that there exists a 
relationship between the extent of vascular inVll.sion and 
the recurrence of the disease, and that root infections 
and trunk infections are more likely to recur. 
(8) It is hardly possible to draw conclusions on the 
behaviour of la.rge trees from the response of sma.ll ones. 
Doses should be doubled or tripled before attempting applic. 
ation on large ones. 
(9) Q. ~ can be recovered in culture from treated 
and from check trees with equa.l frequency. This means that 
OQ.B is either not eradica.tive in action or that dosage is 
·~. ··:, 
too small. OQB is considered to be of the antitoxin type 
of chemotherapeuta.nt, but seems to possess some ability to 
suppress growth of the pathogen. 
(10) Preventive applications are most effective when 
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there are relatively few diseased trees (with beetles) in 
the neighborhood; and effectiveness decreases a.s more and 
more disease creeps into the community. 
(11) For best results applications should be made just 
before the bark beetles emerge or just a.t the peak of the 
emergence. Reason: the chemothera.peutant should be most 
active at the time inoculation occurs. 
(e) Conclusion 
Chemotherapy operates internally. It becomes less ef-
fective with time for many reasons: chemica.l reaction occu1 r-
ing while it is within the host; dilution of the chemical a.e 
it is distributed into the leaves; as a result of being left 
behind as the tree grows in length and girth; loss as the 
leaves fall. 
At the present time no chemotherapeutant offering aatie-
factory curative effects has been discovered; control effects 
are fair, but the requirements for an effective application 
are precise, and this is a draw-back. Only well-trained 
workmen, dependable and thorough, should be employed for th·s 
work. Such men are not always available. A poor job is ex-
pensive and of little worth. Whitten and Swingle (1948) 
take a dim view: 
•Although a number of chemicals have been tested 
by application to the soil and by direct injec-
tion into both diseased and healthy trees prior 
to inoculation, we have found none with any 
practical degree of therapeutic VEllue against 
either of these diseases (necrosis and c. ulrni)." 
--
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To be of practical value the chemotherapeutant must be 
cheap, easy to obtain, easy to apply effectively, a_nd dif-
ficult to misuse when in the hands of unskilled, or indiff-
erent workmen. Such a chernothere.peutant has not yet been 
developed, it is true, but I think the outlook is not so 
dark. Interest is high, much work is being done by able 
and ingenious pathologists, and I believe the problem will 
eventually be solved. 
A new chemical, developed as a result of the past two 
yee.rs' research at Rhode Iele.nd Agricul tura.l Experiment 
Station has recently been announced (Feldman, Caroselli, 
and Howard, 1949b.). It has been tested on large numbers 
of elm trees and is said to give 50% control on large test 
trees. It is · superior to 8-hydroxyquinoli.ne benzoate in 
that it is effective for rn'ore than one season. Its action 
is that of an antidote, but at the same time it brings abou 
alkalization of the soil, and stimulates tree vigor. Com-
bined with good sanitation and a good spray control program 
against the carrier beetles, chemothera.peutants should 
prove valuable in the fight to sa.ve the elms. 
Control through Antibiotics 
Within recent years the use of antibiotics in the con-
trol of certain diseases of warm-blooded animals has come 
into prominence. The success attendant upon the use of the 
sulfa-drugs, streptomycin, aureomycin, penicillin and other 
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has stimulated an interest in the use of similar substances 
in plant therapy. Lack of adequate curative or preventive 
measures for Dutch elm disease, and for other simila.r pla.nt 
diseases, wa.rra.nts investigation into this subject. 
:Pomerleau a.nd Lachava.lier ( 194?) observed in one of 
their Dutch elm disease cultures a sterile zone existing , 
around a yellowish bacterial colony where the Dutch elm 
disease fungus would not grow. This bacterium, found fre-
quently associated with C. ulmi, hB.s not as yet been ident-
ified. The two men tested other fungi and found some that 
produced a similar effect--notably Rhizopus nigricans and 
a wild species of Penicillium. 
By injecting live rabbits with living spores of c. ulmi 
May, Curtis, and Zemlansky (1940) were able to produc: a sul::li-
stance derived from the blood of the rabbits that woul d 
cause immediate agglutination of fresh spores of c. ulmi. 
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How the antitoxin produced could be used in a practical way. was 
not discussed. 
L. R. Tehon (1944) was able to immunize American elm 
against Vertieillium a.lbo-atrum by using staled culture 
medium and me.t extract. The experiments were limited to 
only a few t r ees, but results indicate that the subject 
of immunization is worth further study. 
Michael Szkolnik (1948) reported on experiments in 
which he used a certain species of Actinomyces. In vitro 
tests showed it - to be definitely antibiotic against the very 
virulent ~lack lineM strain of Ceratostomelle. ~. 
to recover the antibiotic substanoe.s failed. 
Attempt~ 
I 
n.tfrenoy, Pratt, and Pickering (1949) studied the effect 
of StreptomY,cin on plant oe.lls, not with the idea, ho vever; 
of testing it for ita antibiot~e q~alities. They concluded I 
that the Streptomycin permitted prolonged , survival of tissues I 
in cultures, and at the same time protected them against a 
number of bacterial contaminants. Streptomycin or a similar 
antibiotic material might, t herefore, prove useful .s a 
chemotherapeutant. 
The greatest argument against the use of antibiotics 
in the control of Dutch elm di s ease is that the compounds 
are too expensive to produce in the large quantities 
needed. If some organism coulQ. be found that would thrive 
in the elm producing it$ antibiotic substance against the 
Dutch elm disease -fungus. the $tory of control would hr-ve 
an end . T~is miracle is not likely t o happen. In the 
mea.nwhil.e, because this approach to the problem of chemo-
thera: y seems impractical; investigators are not too 
enthusiastic. 
. _r.: 
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VIII 
CONTROL OF INSECT · VECTORS 
General Considerations 
In North America the important insect vectors, so far 
as is known, are two: Scolytus multistriatus Marsh. and 
Hylurgopinus rufipes Eich •• ~. rnultistriatus spreads the 
Dutch elm disease when it feeds on elm twigs, the most act-
ive feeding period being in May and .Tune. .!J. rufipes 
spreads the pathogen when it fe-eds on elm tree trunks and 
branches. It is the only known vector in spreading the dis 
ease in the St. Lawrence River Valley, and therefore old 
ideas concerning its importance in the United States have 
undergone a change. Apparently theha.nnful activities of 
this beetle have been hidden -by those of the smaller Euro-
pean bark beetle. In the United States, controlled program 
have been directed against s. multistriatus, but little 
attention has bee-n given to the native bark beetle. This 
may prove to be unfortunate, unless measures developed for 
the control of s. multistriatus turn out to be equally ef-
fective against- the native bark beetle. 
There are three principal . means of control of the EuroJ 
pean bark beetle: by spraying (preferably with DDT); by thJ 
removal and destruction of dead and declining elms, and the 
pruning and burning of dead and dying limbs of healthy elms; 
burning and spraying of elm wood in town dumps, wood piles, 
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beetles feed--in the crowns of the trees--and must cover all 
parts. (Just one beetle could inoculate a tree.) Also, thE 
larger the diameter of the tree, the greater must be the 
dosage. 
Insofar as the formulae are concerned, strengths that 
controlled the other insects were ineffective against ~. 
multistriatus. Application should be timed to coincide witt 
emergence peaks, since it would be most fully effective ther:; 
but the timeof emergence varieswith the season. As a 
result of careful observation, Dimond, Plumb, Stoddard, and 
Horsfall (1949) came - to theconclusion that 
•a direct relationship between accumulated hours 
of sunshine and rate of development of this 
bark beetle appear to exist. It may be that 
insolation, rather than air temperature, is one 
of the more important factors in determining 
peak emergence". 
Even as in fruit spray programs, the workmen should be peri-
odically informed by the experts --as to the best date for the 
application of the sprays. The time of emergence will diffe~ 
for different localities. I 
Since elms are more frequent in urban and village areas 
and are of less consequence in field and woodland or forest, 
the effect of the sprays on human beings, domestic plants 
and animals, lawns, and dwellings needs investigation. 
The Spray Program 
Experiments to determine spray dosage and formulation 
resulted in the following findings: 
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( 1) A much stronger DDT solution was nee·ded than had 
been supposed. Good protection may result all season long 
from extra high concentrations of special DDT emulsions 
applied by hydraulic sprayers and from extra large amounts 
of the regular DDT emulsion ordinarily applied by mist 
blowers. 
(2) Emulsion type sprays give better residual control 
than those made with wettable powders .• 
(3) To obtain complete bark coverage, spray before the 
appearance of the foliage. This applies to both the hydrau-
lic and the mist blowers. 
(4) As with any oil spray, there may be resulting in-
jury during May, when leaves are fully out, or when atmos-
pheric conditions retard evaporation. Also, spray-drift 
may injure foliage . of other plants. 
(5) Trees up to 82 feet high are most effectively 
treated with hydraulic equipment, the emulsions containing 
2% DDT (16 lbs. per 100 gallons). 
(5} Trees over 82 feet high are most,. effectively 
treated with hydraulic equipment when 3% DDT emulsions are 
used. 
(?)Emulsions of 12% DDT (1 lb./gal.) gave good con-
trol with mist blowers in trees over 85 feet. The volume 
of material needed is from 3-5 gallons for an 85-foot elm. 
(8) Elm trees are not injured when prefoliar sprays 
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are applied, either by mist blower or by hydraulic sprayer, 
but some temporary injury to lawns does occur, especially 
to lawns containing bent grasses. 
(9) Several different formulations have been tried out 
with success, but the best at the present time (Dimond and 
Stoddard, 1949) are: 
(a) Hydraulic 
16 lbs. DDT dissolved in 4 gals. of xylene 
16 oz. of triton X-100 (an aralkyl polyether alcohol) 
water to make 100 gallons (2% emulsion) 
(b) Mist-blower 
8 lbs. DDT dissolved in a mixture of 2 gels of xylene 
and 1 gal. of acme white oil (a horticultural white 
oil having au. R. of 95 and s. u. V. 80-85 sec.) 
8 oz. of Triton X-100 
water to make 8 gallons (12% emulsion) 
(10) A suggested spray schedule is: (a) Apr-11 - l:B~'llay 1, 
pre-foliar application for bark beetle control. Hydra,ulic: 
2% DDT emulsion. Mist-blower: 12%- DDT emulsion. 
(b) July 10-July 20, for leaf-hopper and bark beetle 
control, same fonnula as the May applica.tion. 
(c) May 15-May 30, full foliage spra.y for le-af hopper. 
Hydraul.ic: 1% DDT emulsion. Mist-blower: 6% DDT emulsion. 
To control the mites, Dr. Whitten (Whitten and Swingle, 1948 
suggests that an additive might be included. 
The spray program by itself does not give a very good 
control. Even with large amounts of DDT protection, it is 
often poor, or the effect lasts but a short time in the tops 
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of average to tall trees. Weather unfavorable for good 
application of the spray often occurs at the time of the 
most importa.nt dormant spray in May. The expense involved ·1 s 
no minor consideration and finally DDT is toxic to many 
a.nimals, including man, and in such concentrated ·amounts 
may be dangerous. The solvents, xylene and benzene, used 
for DDT in these sprays are inflammable. The fumes are 
dangerous. In fact,. the workmen are advised to use neoprene 
rubber gloves, respirators that keep out organic vapors, anc 
protective clothing (Becker, 1949). Even as European Red 
Mite damage frequently follows the use of DDT in apple or-
chard sprays, so does Red Spider damage sometimes follow 
DDT applications on elm. The increase in these pests is duE 
to the fact tha.t DDT destroys their natural enemies, so tha.t 
they increase in great numbers. 
A Combined Program 
As soon as the nature of the disease and its mode of 
transmission was understood, it became obvious that the 
most effective control measures must be directed against the 
vectors. Hope of eradica.tion lay in the destruction of all 
breeding places of the insect carriers and especiall.y in thE 
elimination of all diseased trees or parts of trees, since 
it was from these trees that the beetles acquired the sporee • 
. l.Tp until 1938, hope of complete eradication seemed possible, 
but the disruptive influence of the war resulted in a gener-
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al collapse of the sanitation program. Therefore the 
present situation is that, if the elm is to :survive, good 
control measures must be developed and used, with no expec-
tation whatsoever tha.t the disease will be eradicated. 
Observation and experimentation have shown that care-
ful sanitation by itself results in good control. Lack of 
proper sanitation has resulted in complete destruction of 
the elm in extensive areas in Europe. Recent experiments 
demonstrate the worth of chemothera.py in controlling the 
spread of the disease. The importance of maintcdning the 
health of the tree through proper nourishment, and control 
of defoliators and other factors has been shown. If each 
factor is important in itself, a combined progrs.m should 
produce even more sa.tisfactory results. 
Dimond, Plumb, Stoddard, and Horsfall (1949) use a 
numerical -example to illustrate the idea. 
"If 2 trees of 100 ~!':frayed with DDT become infect-
ed in any one year, the probability of infection 
is 0.02. If 5 trees of 100 treated with OQE become 
infected under these conditions, the probability 
of infection is 0.05. Under a combined progra.m, 
the probs.bility of infection should be 0.02 X 0.05 
or 0.001 11 • · 
This means that under a combined program of beetle control 
and sanitation only one tree in 1000 will .become infected. 
Add to that an introduction of ever-increasing numbers of 
resistant types of elmst plus a maintenance of general good 
health of the trees already existing, and the results shouli 
be most gratifying. At the present time the men at the 
139 
Connecticut Agricultural Experiment Station have set up an 
experiment in which they hope to prove the worth of the 
combined program. 
The Burden of Control 
The activit ies of the Federal Government are limited at 
present to research projects, with advice and assistance giv 
to the states upon request. The problem of control is now 
almost entirely within the hands of the state authorities. 
The problems involved in effecting a satisfactory control 
program are manifold, the major one being that of expense. 
Those advocating control acknowledge that the cost is great, 
but they point out that the cost of removal of dead trees is 
also great, and that the loss of the elm is irreparable. 
cost of removal of diseased trees may become a tremendous 
den to a community. It may run well over $400 to remove jus 
one large tree. Authorities estimate the average expense at 
$100 per tree (Massachusetts Forest and Park Association, 
1948). "A New York newspaper reported- recently that $400,00 
is necessary now to remove dead trees from a New .Jersey 
municipality" (University of Massachusetts, 194?). 
Once the elms are gone, the community may choose to 
ignore the need for replacing them by other suitable shade 
trees. If it undertakes the replacement of. the elms, there 
is an additional burden of expense. Then, too, many 
years pass before these young trees are large enough 
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to serve the purpose for which they were intended and, 
case, their habits of growth ma.ke them inferior to the 
a. roadside orna.ments.l and shade tree. Moreover, they, too, 
must be protected against various pests by suitable spray 
programs. It is less expensive and more satisfactory to 
save existing elms. 
A second ms . j or problem is that of educating the public 
and those whose duty it is to see to the welfare of the com-
unities they serve. Many cities and towns have lost their 
elms by fa.iling to start control measures in time. The tax 
burden on the population is already very heavY, and all too 
many citizens are unable to comprehend the value of the elm 
as being worth additional taxation. 
Training and maintaining a scouting personnel presents 
another problem involving both time and money. Personnel foi 
adequate scouting should be maintained in every -county, for 
scouting ie really the first line of defense against the dis-
ease. It is through scouting that infected trees are locat-
ed. The sooner they are located and removed, the lees the 
chance for spread of the infection to healthy neighbors. · 
Because of expense, towns will probably be limited to pro-
tecting the trees on the commons, in the parks, or on private 
property, wherever this seems desirable. 
Another problem relates to the choice of and the cost of 
spraying equipment. The Dutch Elm Disease Survey for Massa-
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chusetts (Massachusetts Forest and Park Association, 1948) 
includes mention of the fact that although both hydraulic 
sprayers and mist-blowers are efficient, the mist-blower is 
much ches.per. "In spraying woodlands for gypsy moths, the 
u. s. Bureau of Entomology and Plant Quarantine found that 
it could apply DDT with the blowerfor about one tenth of 
the cost with the hydraulic." In spraying individual trees 
(as is often the case when the protection involves elm trees 
only) the operators consider the cost by mist-blower about 
one third of that by hydraulic sprayer. The Massachusetts 
Forest a.nd Park Association tentatively place,ihe cost of 
I three sprays, by mist-blower, at 50¢ per tree. The sprays J 
need to be effective six weeks or more, hence the Aesocia.tio 
recommends three sprays, rather than two, the customary 
number of spra.ys for many towns in Massachusetts. 
In 1948 about 50% of the 35L towns and cities in 
Massachusetts owned no spraying equipment. Experience has 
taught that the best way to apply DDT is in an oil mixture 
and by the use of the modern blower, yet only about 3% of 
the towns had modern blowers in 1948. About 63% sprayed elm 
once with DDT and about 32% sprayed elms twice. For best 
control 100% of the towns should be spraying the elms with 
DDT emulsions at least twice and prefera.bly three times each 
year. Their failure to do so lies partly in the failure of 
the state government to help solve the major problems--
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expense, training, and education. The vital problem seems tc 
be to decide upon some practical method for an adequate spraJ 
program to be carried out in the smaller towns. 
The Massachusetts Forest and Park Association (1947-194~) 
advocates that small towns co~perate in meeting the costs of 
spray materia.ls, equipment, and personnel. "One blower with 
a well-trained crew should be able to do the spraying for 
several small towns". The men would be constantly employed 
for the entire season, and the towns would benefit by the 
services of a trained, experienced crew. At the present timE 
in Massachusetts, Chapter 438 of the Acts of 1945 make this 
co~perative effort impossible. Since co~peration between 
towns is one way of cutting costs, it seems as if conditions 
could be improved by changing existing legislation! 
In some states, cities and towns carry the entire burdei 
of combating Dutch elm disease (that is, ineofar as the bur-
den is carried), since the respective legislatures have re-
fused to appropriate the needed funds. In Massachusetts, 
House Bill No. 682, introduced into the General Court, was 
intended to provide financial assistance to those towns and 
municipalities that needed it. The bill passed, after due 
alteration. It provides for the removal . of trees from pri-
vate property. The town pays one half, the state one fourth, 
and the owner pays one fourth. If the owner cannot pay, the 
state bears his share. The state also will reimburse the 
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town for one half of its expenditures above one fiftieth of 
1% of its valuation. 
Control of Dutch elm disease remains a looa.l problem and 
it is still up to the towns themselves, whether they are will~ 
ing to spend the necessary funds to save their elms or not. 
Those towns embarking upon a control program are at a disad-
vantage when adjacent towns make no effort to do likewise. 
To conclude, in the control of Dutch elm disease, time 
is an all-important factor: time to educate the people to 
understand the need of saving the elms; time to develop bet-
ter methods, better equipment, and a better trained personnel 
for the purpose of control; time to devise a system whereby 
federal, state, and municipal authorities may co~perate to 
best advantage; and time in which to raise funds to meet the 
burden of expense. 
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IX 
CONCLUSION 
In review, the spread of Dutch elm disease in Europe haE 
been very rapid. Mea sures for the control of t he disea se in 
European countries have been desultory. For several reasons, 
control of such a disease in Europe is much more difficult 
than in America. The peoples are divided as to language and 
custom. Their governments are separate. Their interests are 
diverse. To succeed in obtaining satisfactory control or 
eradication of such a disease, a co8peration not usually 
found among such diversified groups of people is necessary. 
Also, for ultimate success, a. central control body and a 
common fund is both necessary and practical. These are not 
likely to materialize--certainly not while the political 
situation remains unchE/..nged! Conditions before, during, and 
since the First World War have not been such that anything 
in the way of control of the Dutch elm disease could be 
accomplished. Conditions during and since the Second World 
War are still worse. It seems inevitable that a large part 
of the elm popula.tion of Europe will die. The dead trees may 
never be replaced, or they ma y be replaced by other types of 
shade trees or perhaps by species of elms which have been 
found to be resistant. 
In America, the Dutch elm disease he.s spread much more 
slowly. Here, as in Europe, insuff icient unity, insufficient 
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funds, insufficient knowledge, and the general apathy of the 
public have interfered with best control of this disease. 
However, a number of groups of civic-minded and public-
spirited citizens have been carrying on extensive campaigns 
in behalf of the elm. Wide interest in the situation has 
been aroused and it looks now as if co~pera ti ve effort on thE.
1 part of town and city, state and federal government would be 
forth-corning. Success will depend to a large extent upon thE 
raising of sufficient funds to support the education of the 
general public, so that all may be aware of the problems that 
confront those in charge of the campaign against Dutch elm 
disease, to develop research work necessary, to enforce rulef 
and regulations requisite for the s uccess of the project, and 
to provide for adequate spray programs wherever they are need-
ed. 
Before the problem of the control of Dutch elm disease 
is solved, we may expect that thousands more of our elms will 
succumb to the ravages of the disease. Local control is 
practica.l where interest supports it, but many elms will be 
lost through neglect and ma.ny will be lost because they exist 
in ina ccessible places. 
One encouraging feature, at least so far as we in 
America are concerned, is that we have been able to impede or 
check the spread of the disea se into new territories through 
careful sanitation, and by so doing have gained time in which 
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to discover or invent new weapons to be used a.gainst both th 
pathogen and its vectors. 
Another point in our favor is the fac.t that this fungus 
is a "weak pathogen"--that is, comparatively little effort 
is needed to upset the relationship between host and patho-
gen in favor of the host. In a recent {1950) letter to the 
author, Mr. A. W. Feldman, Director of the Rhode Island 
Agricultural Experiment Station at Kingston, wrote: 
"The fungus does its 'dirty work' by virtue of 
its toxins and stra.ngely enough the 'critter' 
doesn't have to produce toxins and it doesn't 
take much to prevent it. If it weren't for 
the beetle, our trouble wouldn't be bad at all. 11 
Concerning the beetle, I would like to call attention 
to a consideration of the following facts: {1) In Europe 
two vectors are known--Scolytus scolytus a.nd Scolytus multi-
striatus. The importance of s. multistriatus is greatly 
overshadowed by that of s. scolytus. {2) In the United 
States, at least two vectors are known--Scolytus multistria-
tus and Hylurgopinus rufipes. Here, the latter was, for a 
long time, considered unimportant, because its activities 
were so well masked by those of the former. {3) When the 
Dutch elm disease appeared in Canada, where neither Scolytus 
multistriatus nor Scolytus scolytus had become established, 
the native elm bark beetle, Hylurgopinus rufipes, turned out 
to be a thoroughly efficient vector. It looks as if the 
nature of the pathogen is such. tha.t,wherever it may go, 
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there will be found some insect vector capable of dissemina -
ting it. Moral: As we gain control over one insect vector, 
we should be on guard against others that may turn out to be 
able vectors, once the natural check, the dominant insect, 
has been removed. 
In conclusion, the present outlook is enco~raging. 
Through co~peration, mainly in the matter of tree sanitation 
and of adequate spray programs aimed at the beetle carriers, 
and in the matter of chemotherapy aimed at the fungus, man 
has made great progress in the control of Dutch elm disease. 
In 1950, twenty years after the fungus made its first recog-
nized appearance in the United States of America, it looks 
as if the invader were about to be halted. It looks as if, 
after all, the beautiful American elm is not doomed to 
extinction, but will continue to grace the American l a ndscape 
a source of esthetic and spiritual satisfaction to all. 
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THE DUTCH ELM DISEASE 
(Abstract) 
The purpose of the thesis is to make a. general survey 
of the Dutch elm disease based on a review of the literatur 
upon the subject. 
Elms are of greatest importance as shade and ornament-
al trees, and are unique for this purpose because of their 
tall trunks a.nd deliquescent style of branch development. 
'l'hey belong. to the Nettle Family of plants (Urti oaceae) 
and are found widely in Europe, Asia, Africa, and North 
America. All species are susceptible to Dutch- elm disease, 
but Ulmus pumila L., the Siberian Elm, and Ulmus ca.r:pini-
folia var. Christine Buisman Gleditsch are highly resistant. 
2.elkova and Pla.nera, two genera related to elms, are 
susceptible. 
The ortgin of the fungus that causes the disease is 
not known, but it is thought to be Asia. The first recog-
nized appearance of the disease was in Holland in 1919, and 
since then it has spread throughout. tmost of Europe. In 1939 
it was discovered in the United States in Ohio and soon aft J 
large areas of infection were found in New York and New ~er 
sey. In 1944 it was discovered in the province of Quebec, 
Canada. How it gained entrance into Canada is not known. 
The disease had entered the United States by way of several 
shipments of burl elm logs bearing both the disease organis 
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and vector beetles. 
The fungus causing the disease is a member of the 
Sphaeriales, sub-division Ascomycetes, group Fyrenomycetes. 
It is characterized by an alternation of generation wherein 
the gametophyte generation gives rise to the sporophyte. 
Part of its existence is spent as a saprophyte on dead and 
decaying elm wood and part is spent as a parasite on the 
' living tissues of the host plant. In 1922 Miss M. B. Schwarz 
a Dutch pathologist, described the imperfect stage of the 
plant and named it Graphium ulmi. Her experiments did not 
satisfy all authorities, but the work of Dr. H. w. Wollen-
weber and Dr. Stapp in 192? proved conclusively that the 
fungus was the cause of the disease. The sexual stage of 
the organism was described, and the name was changed to 
Ceratostomella ulmi (Schwarz) Buisman. 
OUtstanding symptoms of the disease are wilting of the 
leaves, premature yellowing and shedding of the leaves, a 
curling up of the tips of dead twigs (the Shepherd's Crook), 
suckering at the bases of dead limbs, and the brown streaks 
· or spots which appear in the outer wood rings of twigs or 
under the bark of wilt-affected branches. 
Two other diseases, phlo~m necrosis and die-back 
(Dothiorella ulmi), cause similar symptoms. Therefore diag-
nosis of the disease must be by laboratory culture and 
microscopic study of the fructifications. TWo culture tech-
150 
niques are commonly employed: the Wet Plate Method using 
thin sections of wood and the Potato-sucrose Agar Method. 
In the Wet Plate Method fungus growth from the treated wood 
is transplanted into Petri dishes containing agar for final 
consideration. The Potato-sucrose Method involves a study 
of the type of colony growth, which is zonate, and of the 
developing conidiophores and young spores. Coremia develop 
on the wood plantings; but seldom on the agar. 
The harmful effects of the disease are caused by the 
several toxins produced by the fungus. The effect is a 
physiological wilt. The fungus is parasitic on all species, 
but the resistant species are less susceptible to physiolog-
ical wilt. 
Incompatibility and heterothallism is normal in Cerato 
stomella ulmi. There are several distinct strains or races, 
some more virulent than others. One race does not sporulat 
and is practically non-pathogenic. 
The disease is spread mainly by the bark-boring beetle • 
In Europe the most important vector is Scolytus scolytus , 
Fabr., itself a cause of great destruction among the elms. 
Its activities mask those of the smaller European elm bark 
beetle, Scolytus multistriatus Marsh., also a vector of 
Dutch elm disease. 
In the United States, Scolytus mult.istriatus, intra-
from Europe about 1909, is the most important vector of the 
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I 
disease. The native elm bark beetle, Hylurgopinus rufipes j
1 
Ill LeC., is also an important vector. In Canada, the native 
bark beetle is the only known vector of any importance. I 
I 
.§_. multistriatus makes its egg galleries under the bar~ 
of dead and dying elms. The fungus develops in these galle j-
ies, producing sticky spores whioh cling to the beetles whe~ 
they emerge for their prenuptial feedings on the leaves and !I 
I 
twigs of elms. Thus they are able to inoculate healthy I 
elms. The beetle has two broods a year. I 
H. rufipes makes over-wintering tunnels in the bark of 
living trees. Eggs are laid in maternal galleries construe+ 
ed under the bark of dead or dying elm wood. The adults ma~ 
inoculate a tree with spores of Dutch elm disease when they I 
make their hibernation tunnels, or when they make feeding 
I 
disease into new territories is limi II 
wounds in the twigs. 
The spread of the 
ed to the spread of spore-infected beetles. Beetles seldom 
travel more than 500 feet from their point of emergence whe 
seeking suitable wood for egg laying, but the wind may car 
them many miles. 
Scolytus sulcatus Lee. is a bark-boring beetle which 
could spread spores of Ceratostomella ulmi from elm to appl e 
and back. The preferred host is apple, and in nature, the li 
Ill beetle has not been found to be a vector of Dutch elm dis-
ease. 
! 
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Other potential vectors of Dutch elm disease are: 
Saperda tridentata Oliv.; X¥losandrus germanus (Blfd.); 
Ma.gdalis barbita Say; Magdalis armicollis Say; Ceresa 
bubalis Fabr.; certain mites; and certain birds, especially 
the sap-suckers. 
Best control of the disease may be obtained by good 
sanitation, spray programs, development of resistant species 
of elms, fostering health of the trees, quarantine, control 
of other insects and other diseases, chemotherapy, and use 
of antibiotics. 
Sanitation includes immediate destruction of all dis-
eased trees and parts of trees; pruning of dead and dying 
wood to eliminate beetle breeding material; or treatment of 
diseased or dead wood to render it safe from attacks of the 
vector beetles. 
Best spray programs involve the use of strong DDT emul-
sions applied at the time of beetle emergence in the spring 
(May) and in mid-summer (July). It should include sprays 
for the control of other harmful insects. Mist-blower is 
considered more efficient and cheaper. 
Resistant species of elm may be propagated by vegeta-
tive cuttings, or obtained from suitable seedling selections 
from hybrid crosses. 
Tree health may be improved by proper feeding of the 
tree using a complete fertilizer such as 10%N 8%P 6%K or 
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8%N 6%P 4%K; by providing sufficient water at all times; an 
by adjusting the pH factor. 
Chemotherapy applies to the use of chemicals that are 
introduced into the plant to help control disease. Of many 
chemotherapeutants tested 8-quinolinol benzoate, known as 
~B, is considered the most effective. It acts as an anti-
dote or antitoxin, and does not destroy the pathogen, al-
though it possesses some ability to suppress growth of the 
pathogen. 
The best method of treatment with ~B is -by the sub-
surface method of soil application. Solutions are pumped 
into the ground to a depth of 18-24 inches in the feeding 
root area under pressures of 150-300 lbs./ sq. in •• Treat-
ments must be given about once a year, just before the beet , 
1es emerge or at the peak of emergence. 
A new chemical produced at the Rhode Island Agricultu 
Experiment Station acts as an antidote and as a soil alkali-
1 
zer, stimulating tree vigor. I 
Antibiotics as a means of control are considered too 
costly to be practical. 
Co8peration between federal, state, and city or town 
authorities in the matter of enacting suitable legislation 
and of sharing the burden of expense is essential to the 
success of control program. 
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THE DUTCH ELM DISEASE 
The Dutch Elm Disease-caused 
by the fungus, Ceralostomello ulmi, 
and spread by bark beetles-
menaces our Massachusetts e1rns. 
Widespread in Europe since its 
discovery in 1919. 
Known in the United Slates 
since 1930, following the importa-
tion of fungus and carrier-beetle 
infested elm logs from Europe-
1929 to 1934. 
Found in N. ] ., N. Y., Conn., 
Fi~ . L Elms in a Massachusetts Pa. , Md., Va., W. Va ., Ind., Ohio, Fig. 2. The street in figure 1, as it 
town. MASSACHUSETTS - 1941. wuuld appear without elms. 
64,468 known diseased elms have been destroyed in eradication 
progra?'s to September 1942. 
Fig. 3. Elm · affected with 
Dutch Elm Disease. 
Fig. 4. Streaking of infected wood. 
Fig. 5. The fungus in culture. 
Fig. 6. A. Smaller European bar k 
bee lie. 
B. Native bark bee tle. 
C. Larva or grub. 
(AU greally enlarged.) 
Fig. 7. Work of carrier beetles. 
(Somewhat reduced. ) 
Fig. fl. Natural graft of elm roots. 
(Photographs from Mass. Exp. S ta . 
But . 343. Figs. 3 and 8 furnished by 
Division of Forest Pathology , 
lJ.S.O.A. Fig. 6 from Cornell 
Ex!. Bul. 290.) 
All known diseased 
bcinl! destroyed. 
The final goal of the eradication 
program is · the protection and 
preservat_ion of disf,!ase-free elms. 
The afublic is urged to cooperate 
by sending specimens from the 
witted parts of trees to -
Symptoms of the disease include: 
Wilting, curling, yellowing, and 
early falling of leaves; Brown 
streaking of infected wood. 
Trees may die suddenly or grad-
ually. 
A wood-staining fungus living in 
the water-conducting channels 
causes the disease. 
Death of trees results from a 
toxin produced by the fungus. 
Trees affected with Dutch Elm 
Disease may appear similar to 
elms affected with other wilt 
diseases-
Therefore, laboratory study of 
wood showing streaking IS 
necessary to prove which dis-
ease fungus is present. 
The smaller European and native 
elm bark beetles serve as car-
riers of the fungus. 
The beetles engrave breeding 
galleries in weakened trees and 
la ter the young emerge to feed 
on tender green twigs. 
Other means of spread include 
direct contact between diseased 
and healthy trees - natural 
grafts of roots and branches. 
THE DUTCH ELM DISEASE LABORATO RY 
MASSACHUSETTS STATE COLLEGE, AMHERST, MASS. 
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E. 
CERATOSTOMELLA ULMI 
The next five pages of illustrations are . 
reproductions from the Connecticut Agricultural 
Experiment Bulletin No. 389 (1936). The bull-
etin was prepared by G. F. Clinton and Florence 
A. McCormick, and is entitled Dutch Elm Disease. 
176 
I ' 
178 
• •• 
tit .~ • 
. . .... . .: 
. ... . , 
.. .. .. . . _,;.· ...  
- • .-
' -..,. I • 

180 

182 

184 

186 

188 
2 
6 
0 
f) 

190 
G . 

192 
A B c 
G 
H . j 
